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ABSTRA CT
Louisiana contains the largest volume of baldcypress (Taxodium distichum (L.) Rich.) timber 
in the United States, with 70% of the volume located in the south central part of the state. 
Baldcypress regeneration was studied in the Barataria and Verret Basins during 1982-1987. 
Overall, natural regeneration was poor in both basins. There was some recruitment during the dry 
years 1984 and 1986 but these seedlings did not grow tall enough to survive subsequent 
flooding. Coppice regeneration in logged areas was excellent after logging, but a majority of the 
sprouts died in succeeding years.
In three projects where baldcypress seedlings were planted in logged and unlogged stands, 
nearly all of the seedlings were destroyed by nutria (Mvocastor covpusl even though half were 
protected with Vexar seedling protectors. Height growth of the seedlings that were not 
destroyed averaged 30 cm/year. Chickenwire fences were also used to protect one planting, and 
survival ranged from 64 to 91% and height growth ranged from 12 to 27 cm/year.
In another project baldcypress seedlings were planted in a crawfish pond in February and 
July of 1983 and 1984. Summer planted seedlings exhibited the poorest survival rates. February 
planted seedlings that experienced one growing season before flooding had the best survival 
(97%) and growth rates (40 cm/year). After three years, annual growth rates of all both February 
and July planted seedlings were similar.
Relative water level rise in both basins was greater than 1 m/century and both areas have 
experienced significant increases in the number of days flooded each year since 1956. Natural 
regeneration in the study areas is not sufficient to replace dying or logged trees. Bottomland 
forests on the study plots in the two basins will decline in the next 50 years and even the flood- 
tolerant baldcypress will eventually disappear.
Under certain conditions, managed regeneration is possible but more research is needed 
on how to plant and protect baldcypress seedlings to ensure adequate stocking of stands.
Growth and yield information is also needed for evaluating management alternatives for long-term 
objectives.
x i i i
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CHAPTER 1
GENERAL INTRODUCTION
"A town is saved, not more by the righteous men in it than by th e ... swamps 
that surround it."
Henry David Thoreau (1851)
INTRODUCTION
THE BALDCYPRESS RESOURCE
Swamp forests represent a unique and important ecosystem in the southeastern United 
States. These forests are dominated by baldcypress (see Appendix One for a complete listing of 
scientific names of all plant species referred to in the text) and pondcypress. The natural 
geographical range of baldcypress begins in Delaware, extends along the Atlantic Coastal Plain to 
Florida and westward along the Gulf of Mexico to Texas, and extends up the Mississippi River 
floodplain as far north as southern Illinois and southwestern Indiana (Fowells 1965; Fig. 1). Very 
little seed matures at the northern limits of its range, but planted baldcypress can survive as far 
north as Massachusetts (Bonner 1974) and New Hampshire (personal observation). Since 
pondcypress is of minor importance in Louisiana (Sternitzke 1972), baldcypress will be used 
whenever this species is discussed for Louisiana. Cypress will only be used when it refers to both 
baldcypress and pondcypress.
Baldcypress was a very dominant tree in the coastal plain of Louisiana when settlers first 
arrived in the state, prompting du Pratz to write in 1774"... there is the greatest plenty immediately 
to the westward of the mouth of the Mississippi" (Tregle 1975). Nearly pure stands of baldcypress 
were found in the back swamps and deep swampy portions of the river floodplains (Mattoon 
1915). The baldcypress forests seemed inexhaustible to these early settlers (Louisiana
1
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FIGURE 1. Distribution of baldcypress in the southeastern United States (after Mitsch and 
Gosselink 1986). The dark line indicates the northern extent of pondcypress.
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Department of Conservation 1926) with nearly 15 billion board feet of baldcypress estimated in 
the delta swamps (Kerr 1981). Wherever it occurred, baldcypress was characteristically the 
predominant tree (Mattoon 1915). Other important species include red maple, ashes, and water 
tupelo (Conner and Day 1976).
To the early settlers, these swamplands were considered dangerous and forbidding as 
described by Bartram in 1791 (van Doren 1928):
"...the land on each side a level swamp, about two feet 
above the surface of the water, supporting a thick forest 
of trees...The soil or earth humid, black and rich. There is 
scarcely a perceptible current: the water dark, deep, 
turgid and stagnate, being from shore to shore covered 
with a scum or pellicle of a green and purplish cast, and 
perpetually throwing up from the muddy bottom to its 
surface minute air bladders or bubbles: in short, these 
dark loathsome waters, from every appearance, seem to 
be a strong extract or tincture of the leaves of the trees, 
herbs and reeds, arising from the shores, and which 
almost overspread them, and float on the surface, 
insomuch that a great part of these stagnate rivers, 
during the summer and autumnal seasons, are 
constrained to pass under a load of grass and weeds; 
which are continually vegetating and spreading over the 
surface from the banks, until the rising floods of winter 
and spring, rushing down from the main, sweep them 
away, and purify the waters."
However forbidding the swamp forests appeared, the value of baldcypress wood was 
recognized early, and it was easily obtainable because swamps were located behind nearly every 
plantation home (Moore 1367). Until the 1790's, baldcypress boards and timbers represented 
the main cash crop of the colonists in the state. Baldcypress remained a stable commodity of the 
lumber industry into the 1800’s because of its durability and workability (Mattoon 1915). 
Baldcypress was used extensively in house construction and was a preferred material for tanks 
used for water storage and by creameries, breweries, bakeries, dyeworks, distilleries, and soap 
and starch companies. It was also used for pumps, laundry appliances, caskets, and coffins. 
Baldcypress shingles were known to outlast all roofing materials except the best quality slate and 
tile (Mattoon 1915).
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In Louisiana, the area of greatest commercial production included all of the alluvial floodplain 
of the Mississippi River but mainly was concentrated in the area south of Baton Rouge (Mattoon 
1915; Fig.2). Unfortunately, detailed area, volume, and logging data do not exist for many areas 
(Norgress 1947, Mancil 1972). There are scattered records of varying reliability on the total area of 
baldcypress swamp in the state and some parish by parish harvesting records (Appendix Two). 
Mattoon (1915), Norgress (1936,1947), and Mancil (1972) have all described the history of 
baldcypress logging in Louisiana.
Baldcypress logging was originally limited to floating out during high water periods previously 
girdled trees, and was thus limited to areas near large rivers. During the 1890's, however, the 
pullboat, and later the overhead-cableway skidder, increased the range of the logger and the 
amount of timber that could be brought out of the forest. By the close of the 19th century, three 
billion board feet of baldcypress had been logged in Louisiana (Kerr 1981). Extensive logging in 
the state led people to declare that the resource could not last for long. M. LePage du Pratz 
(Tregle 1975) observed during the 18th century:
"The cypresses were formerly very common in 
Louisiana; but they have wasted them so imprudently, 
that they are now somewhat rare. They felled them for 
the sake of their bark, with which they covered their 
houses, and they sawed the wood into planks which 
they exported at different places. The price of the wood 
is now three times as much as it was formerly."
Du Pratz’s comments were a little premature, however, as considerable quantities of 
baldcypress timber were cut during the mid-1800's for use in mills along the Mississippi River 
(Post 1969), and baldcypress lumbering continued to thrive in Louisiana with the period of 
highest production occurring between 1890 - 1925. Baldcypress timber production peaked in 
1913 (Table 1) with over 700 million board feet being processed in 94 mills (Mattoon 1915). 
Depletion of the vast virgin stands of baldcypress timber and the Great Depression caused most 
of the baldcypress mills to close (Burns 1980).
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3 Scattered local production
Heavy production
FIGURE 2. Commercial distribution of baldcypress in the southeastern United States 
at the beginning of the twentieth century (after Mattoon 1915).
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TABLE 1. Volume of baldcypress cut in the state of Louisiana (Louisiana Department of 
Conservation 1943, Steer 1948, Louisiana Forestry Commission 1957, Louisiana Forestry 
Commission Progress Reports 1956-76, Mistretta and Bylin 1987).
Year Timber harvested 
M bd ft 103m3‘
Year Timber harvested 
M bd ft 103m3*
1869 7,000 16.52 1933 43,636 102.96
1879 45,000 106.18 1934 34,703 81.88
1889 100,000 235.96 1935 54,066 127.57
1899 248,532 586.44 1936 69,619 164.27
1904 432,233 1,019.90 1937 89,416 210.99
1905 487 ,504 1,150.32 1938 73,734 173.98
1906 573 ,096 1,352.28 1939 81,798 193.01
1907 509,665 1,202.61 1940 70,568 166.51
1908 488 ,670 1,153.07 1941 57,821 136.43
1909 608 ,854 1,436.65 1942 52,814 124.62
1910 653,699 1,542.47 1943 48,963 115.53
1911 682,867 1,611.68 1944 31,375 74.03
1912 653 ,727 1,542.54 1945 24,461 57.72
1913 744,581 1,756.92 1955 25,757 60.78
1914 672,211 1,586.15 1956 19,437 45.86
1915 560,751 1,323.15 1957 13,352 31.51
1916 527 ,425 1,244.51 1959 15,954 36.80
1917 509 ,659 1,202.59 1962 15,866 37.44
1918 296,986 700.77 1963 15,468 36.50
1919 308 ,139 727.09 1964 9 ,047 21.35
1920 273 ,116 644.45 1965 9,462 22.33
1921 348,568 822.48 1966 8,580 20.25
1922 364 ,687 860.52 1967 8,219 19.39
1923 307 ,283 725.07 1968 6,820 16.09
1924 299,664 707.09 1969 7 ,836 18.49
1925 274 ,040 646.63 1970 6,645 15.68
1926 230 ,782 544.55 1971 5 ,115 12.07
1927 185,543 437.81 1972 5 ,120 12.08
1928 147,162 347 .24 1973 3 ,157 7.45
1929 111,739 263 .66 1974 5 ,776 13.63
1930 108,713 256.52 1975 3 ,017 7.12
1931 52,060 122.84 1984 19,600 46.25
1932 38 ,586 91.05 1985 24,882 58.71
'Solid wood, converted as 423.8 bd ft = 1 m3.
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During the peak of the logging period, some landowners and loggers began to wonder 
about the future of their cutover lands. As early as 1872, Lockett (Post 1969) thought that a great 
deal of the swamp lands were reclaimable, but there was very little interest in the state at that time 
in trying to do anything. Mattoon (1915) noted:
"Swamp lands with all the cypress cut out are of 
indefinite value. They are considered mostly 
unproductive at present and are being held chiefly for 
their potential value for agriculture after draining and 
clearing."
Mattoon also reported that very little serious consideration had been given to the question of the 
future use of logged baldcypress lands. He recognized that there was a strong tendency towards 
conversion and, as a result, many operators were in favor of taking every baldcypress tree of 
possible value and leaving none for future return.
Sonderegger (1922) estimated that baldcypress forests would be depleted by 1940. By 
1924, the estimate had been revised to 1935 (Louisiana Department of Conservation 1926), and 
this estimate held through 1931 (Maestri 1931). A proposal was presented to the U. S. 
Department of the Interior to create a baldcypress swamp national monument in Louisiana before 
all the virgin timber was logged (King and Cahalane 1939). However, no action was taken.
Even in the 1940’s, there was little regard for ensuring that cypress would be a renewable 
resource. Norgress (1947) discussed the "value" of Louisiana baldcypress swamp lands:
"With 1,628,915 acres of cutover cypress swamp lands 
in Louisiana at the present time, what use to make of 
these lands so that the ideal cypress areas will make a 
return on the investment for the landowner is a serious 
problem of the future...
The lumbermen are rapidly awakening to the fact that in 
cutting the timber from the land they have taken the first 
step toward putting it in position to perform its true 
function - agriculture...
It requires only a visit into this swamp territory to 
overcome such prejudices that reclamation is 
impracticable. Millions of dollars are being put into good 
roads. Everywhere one sees dredge boats eating their 
way through the soil, making channels for drainage.
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After harvesting the cypress timber crop, the Louisiana 
lumbermen are at last realizing that in reaping the crop 
sown by Nature ages ago, they have left a heritage to 
posterity of an asset of permanent value and service - 
land, the true basis for wealth.
The day of the pioneer cypress lumberman is gone, 
but we need today in Louisiana another type of pioneer - 
the pioneer who can help bring under cultivation the 
enormous areas of cypress cutover lands suitable for 
agriculture. It is important to Louisiana, to the South, and 
the Nation as a whole, that this be done. Would that 
there were some latter-day Horace Greeleys to cry, in 
clarion tones, to the young farmers of today, "Go South, 
young man; go South!"
Logging continued in the swamplands of Louisiana to some extent until the last baldcypress 
logging operation closed in 1956. Mancil (1972) declared;
"The cypress industry is gone forever. A resource has 
been removed, and it is not likely to be regenerated 
because of the problems of reforestation and 
management of cypress in the swamps. In some 
regions, other commercially important species have 
replaced cypress; in other areas, for various reasons little 
or no growth of commercially valuable species has 
occurred."
However, some hardwood mills continued to harvest limited quantities of baldcypress (Mancil 
1980).
An accurate estimate of the area of baldcypress in the state of Louisiana is not available 
(Table 2) mainly because of the various ways the resource has been measured in the past. With 
the Swamp Land Act of 1849, 4.1 million ha of swamp lands were awarded to the state by the 
Federal government. Not all of these were baldcypress lands, however. Another estimate of 
swamp lands came from the Surveyor General's Office in 1848 which reported 0.92 million ha of 
swamp lands in the state, most of which was considered baldcypress (Norgress 1947). Mattoon 
(1915) estimated that there were 3.64 million ha of permanent swamps in the state. Probably the 
most accurate estimate of baldcypress swamps in the state came from the Louisiana Department 
of Conservation (1934) which indicated that 9051 ha of baldcypress were left in the state along
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TABLE 2. Different estimates of the area of swamp lands in Louisiana over time.
Year Land or forest 
type classification
Area ( x 106 ha) Source
1848 swamp lands 0.92 Norgress 1947
1872 wooded swamps 1.11 Post 1969
1910 cypress and bottomland hardwood 1.17 Grace 1910
1915 permanent swamp 3.64 Mattoon 1915
1934 bottomland hardwood 3.02 U.S. For. Serv. 1955
1934 cypress and denuded cypress 0.67 Louisiana Department 
of Conservation 
1934
1935 cypress-tupelo 0.48a Winters 1939;Winters 
et al. 1938
1954 bottomland hardwood 2.67 U.S. For. Serv. 1955
1954 oak-gum-cypress 2.39 U.S. For. Serv. 1955
1954 tupelo-cypress 0.43a U.S. For. Serv. 1956
1964 oak-gum-cypress 2.36 Sternitzke 1965
1974 oak-gum-cypress 2.01 Earles 1975
1978 wooded swamp 0.66b MacDonald et al. 1979
1980-81 cypress-tupelo 0 .14° Wicker et al. 
1980, 1981
1984 oak-gum-cypress 1.59 Rosson and 
Bertleson 1985, 
1986a-d
a Only includes those parts of the state classed as north and south delta. 
b Only includes the Mississippi River floodplain. 
c Only includes the Louisiana coastal zone.
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with 659,480 ha of denuded baldcypress land for a total of 0.67 million ha. MacDonald et al.
(1979) reported that there were 0.66 million ha of wooded swamp just in the Mississippi 
floodplain, but recent estimates by Wicker et al. (1980,1981) indicate that only 140,044 ha 
(345,911 acres) of cypress-tupelo swamp exist in the state. Their estimate is low, since the area 
surveyed covers only the official coastal zone region of Louisiana, which does not include some 
baldcypress areas in the Barataria and Atchafalaya basins as well as in the northern and central 
parts of the state. Overall, one can see that the exact area of baldcypress swamp land in 
Louisiana is declining.
The most complete data available on the area of forest types in Louisiana comes from the 
U.S. Forest Service continuous forest inventory started in 1934. Unfortunately, baldcypress 
swamp is not separated in the latest reports as it was at the beginning of the data collection.
Today, baldcypress is included in the oak-gum-cypress category. However, the general trend 
through time is what is important to this discussion. From an estimated 3 million ha in 1934 
(calculated from U.S. Forest Sen/ice 1955 estimates of the amount of reduction in area between 
1934 and 1954), the total area of oak-gum-cypress forest has declined to 1.59 million ha (Rosson 
and Bertelson 1 98 5 ,1986a-d) -- nearly a 50% reduction in area in only 50 years. If the trend 
continues at the same rate, Turner and Craig (1980) estimated that the area of forested wetland in 
the state would be reduced another 50% by the year 2000.
REGENERATION OF BALDCYPRESS
After logging occurs in Louisiana's swamp forests, some natural regeneration will occur 
(personal observation during the past ten years). Baldcypress regenerates well in swamps where 
the seedbed is moist and competitors are unable to cope with flooding, but extended dry periods 
are necessary for the seedlings to grow tall enough to survive future flooding. As a result, 
baldcypress stands are usually made up of several even-aged classes (Mattoon 1915). Naturally 
seeded trees often reach heights of 20 to 36 cm the first growing season and 40 to 60 cm the
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second season (Mattoon 1915). Baldcypress seedlings can endure partial shading but require 
overhead light for normal growth (Williston et al. 1980).
Coppice regeneration is also a possibility in cut-over areas. Mattoon (1915) reported that 
stumps of vigorous stock up to 60 years old can generally be counted on to send up healthy 
sprouts. Since the majority of Louisiana's virgin baldcypress was logged during 1890-1925, the 
second growth trees now being harvested are approximately 60 to 100 years old. Prenger (1985) 
reported relatively few viable stump sprouts in thinned plots after three years in the Atchafalaya 
Basin, and the sprouts were not expected to develop into quality trees because of frequent and 
prolonged flooding.
Because of the erratic recruitment of baldcypress by seed or coppice under natural 
conditions, a managed regeneration system will be necessary to optimize the stocking and growth 
of baldcypress in wetland areas. In planting baldcypress, one-year-old seedlings with a stem 
diameter of 0.6 cm or larger at the upper end of the root collar make good planting stock (Klawitter 
1961). Pilot studies at the Louisiana State University School of Forestry, Wildlife, and Fisheries,
Baton Rouge (Faulkner et al. 1985) indicate that an initial height of at least 60 cm is important, 
particularly in flooded areas. Mattoon (1915) recommended planting in late fall or early winter so 
that seedlings could become established during low water periods. A 2.4X2.4-m spacing is 
generally recommended (Mattoon 1915, Williston et al. 1980) although a regular spacing may not 
be necessary. Young stands (natural or planted) should be thinned at 15 to 20 years to release 
the better stems for rapid growth (Williston et al. 1980). Williston (1959b, 1969) found that 
thinning appeared to stimulate diameter growth 1.27 cm in 10 years. Prenger (1985) found that 
thinning intensity did not significantly influence baldcypress growth the first three years after 
thinning.
After the 1890-1925 logging of Louisiana’s swamps, there were many areas in which 
baldcypress seedlings did not establish (Mattoon 1915). Personnel of the Rathborne Lumber 
Company, Harvey, Louisiana, recognized that most of their cutover lands had little or no 
baldcypress regeneration, and without water level controls, natural reproduction could not be
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relied upon to restock the land (Bull 1949). Therefore, Rathborne proceeded to plant nearly 1 
million baldcypress seedlings on their land. Ninety percent of the seedlings planted in 1949 and 
1950 survived into 1951 and grew 30 to 46 cm in height by the end of the 1950 growing season.
An additional 141,262 seedlings were planted in early 1951 and survival was 80 to 95 percent 
(Rathborne 1951). Brown and Montz (1986) reported that many of the seedlings planted by 
Rathborne, Inc. were killed later by animal browsing and the project was abandoned.
The Rathborne planting inspired one landowner and the Soil Conservation Service to plant a 
flooded area in north Louisiana with baldcypress seedlings (Peters and Holcombe 1951). Eighty- 
five hundred seedlings were planted during January to March 1951 in water 15-50 cm deep.
When the seedlings were rechecked in April 1951, nearly 95% of them were growing vigorously 
and had increased in height an average of 7.5 cm.
Faulkner (1985) planted baldcypress seedlings in an old soybean field and in a commercial 
crawfish farm. In both areas, animal damage was high. On the soybean site, deer damaged 47%  
of the seedlings, but survival was still 98% at the end of two growing seasons. In the crawfish 
farm, crawfish girdled 78% of the seedlings (52% were completely girdled), but 95%  of the 
seedlings or their sprouts were still alive after two growing seasons. In both cases height and 
diameter growth were negatively associated with animal damage. Smaller seedlings suffered 
higher damage rates than did larger seedlings, indicating that the planting of larger seedlings 
would reduce the incidence of animal damage.
Information on planting of baldcypress in other areas of the southeastern United States is 
limited. The Tennessee Valley Authority was responsible for large-scale plantings of baldcypress 
in the 1930's and 1940's. Several hundred thousand baldcypress were planted along the 
margins of fluctuating reservoirs. Survival rates of 95% and height growths of 9.1 m in 11 years 
were reported (Bull 1949). More recent plantings by TVA personnel in 1970 and 1972 had 
survival rates of 95 to 100% after six years (Bates et al. 1979). Beaver (Castor canadensis) and 
competition from herbaceous species were the major limitations to operational scale plantings in 
TVA plantings.
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Ohio state forestry groups also encouraged the planting of baldcypress. Mattoon (1915) 
reported that over 75,000 seedlings were planted in Ohio before 1915. The only record that 
exists for those trees, however, is that they made satisfactory growth (Mattoon 1915).
Krinard and Johnson (1976) reported that plantation grown baldcypress grow as well as, or 
better, than hardwood species growing on loess soils in small, unthinned plantings. After four 
years, 62% of the baldcypress seedlings planted on a 1.8X3.0-m spacing were still alive and 
averaged 2 m tall. After 21 years, 41% of the trees were still alive, and the average diameter was 
15.5 cm.
In South Carolina, DeBell et al. (1982) conducted a study of the growth of five species on 
drained lowland areas. They planted seedlings on a 0.6X0.6-m spacing and remeasured the trees 
after 5 and 20 years. Baldcypress survival averaged 83% after 5 years, and the mean height was 
1.4 m. After 20 years, survival was still good, but growth had stagnated in the dense plantings.
Very little work has been conducted on cypress regeneration in natural swamp areas. Deghi 
(1984) reported that baldcypress seedlings could be successfully planted in flooded cypress 
domes in Florida, but his study was based on only a total of 80 seedlings. He also observed that 
mortality of naturally germinated pondcypress seedlings was nearly 66% after 15 months.
Gunderson (1984) found limited natural regeneration of pondcypress in logged, burned, and 
logged and burned stands in Corkscrew Swamp, Florida. He reported that less than 1% of 
naturally germinated pondcypress seeds survived three years.
In the Okefenokee Swamp, reestablishment through natural means was found to be 
constrained by limited dispersal of pondcypress seeds combined with the restrictive set of 
conditions necessary for the seeds to germinate and survive (Hamilton 1982). Over 90% of the 
merchantable pondcypress has been logged in the Okefenokee, and most of the logged areas 
are now dominated by shrubs and hardwoods. Even in the areas where pondcypress is 
regenerating, Hamilton estimated that it will require hundreds of years for the pondcypress 
swamps to completely recover due to the limited seed dispersal, low seed viability, high seedling 
mortality, and slow growth of the pondcypress in the swamp.
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In the United States, Williston et al. (1980) estimated that there are between 1.2 and 2 million 
ha of cypress forests with a total growing stock volume of 155.7 million m3. Over one-half of the 
entire cypress inventory is found in Florida (mainly pondcypress) and Louisiana (mainly 
baldcypress). Since baldcypress is considered a more desirable commercial timber tree than 
pondcypress (Sternitzke 1972), Louisiana ranks number one in the amount of good quality timber 
available (Williston et al. 1980).
Baldcypress growing stock in Louisiana increased from 15 million m3 in 1954 to 41 million m3 
in 1984 (Fig. 3). The increase in volume represents second growth trees that came in after the 
large scale logging activity that occurred at the beginning of the century. Overall, the net annual 
growth of baldcypress in Louisiana is greater than annual removals, leading to an increase in 
cypress reserves.
The size distribution of growing stock volume of baldcypress is illustrated in Figure 4. In 
1964 the largest growing stock volume was found in trees in the 33-38 cm diameter range. The 
large volume shown in the 50-cm diameter class in Figure 4 is somewhat misleading because that 
volume represents all trees greater than 48 cm diameter. In 1974 the majority of the growing stock 
volume was distributed in the 33 to 43 cm diameter range while in 1984 the majority of the volume 
was in the 38-43 cm diameter range. Also, volume in the 53-73 cm range was increasing while the 
volume of timber in the lower diameter classes (<25 cm) remained unchanged. Without logging or 
other disturbance, the volume of baldcypress in larger diameter classes will continue to increase 
and the lower size classes decrease unless some natural regeneration occurs.
The majority of the baldcypress volume in Louisiana is located in the south central part of the 
state (Fig. 5). Nearly 70% of the present growing stock volume is located in the 9 parishes of 
Assumption, Iberia, Iberville, Lafourche, St. James, St. John the Baptist, St. Martin, St. Mary, and 
Terrebonne (Rosson and Bertelson 1985, 1986 a-d).
Because of the large reserves and new techniques of logging and utilization, lumbering of 
cypress has once again become attractive and interest in long-term management of cypress 
forests has increased in the southern United States (Marois and Ewel 1983). With reasonable
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FIGURE 3. Estimated baldcypress growing stock volume in Louisiana, 
1954-1984 (U.S. Forest Service 1955, Sternitzke 1965, Earles 1975, 
Rosson and Bertelson 1 98 5 ,1986a-d).
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FIGURE 4. Baldcypress growing stock volume by diameter class from 1964-1984 (Sternitzke 1965, 
Earles 1975, May and Bertelson 1986).
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FIGURE 5. Concentration of baldcypress growing stock volume (million ) 
by parish. Notice that the largest concentration is in the south central 
portion of the state (values from Rosson and Bertelson 1985,1986a-d).
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levels of management, some authors think that cypress may once again become a significant 
source of wood products (Sternitzke 1972; Williston et al. 1980).
FACTORS AFFECTING REGENERATION 
Altered Hydrology
Hydrological patterns in the swamps of Louisiana have been altered tremendously. The 
original logging of baldcypress required unique methods to get the timber out of the swamp.
Canals, railway lines, and pullboat logging runs did much to change the physical features of the 
swamp. Many of the logging operations maintained their own dredges to prevent delays in 
digging access canals (Davis 1975). The average size of the canals was 3 to 12 m wide and 2.4 to 
3 m deep, resulting in partial drainage of many swamps (Mancil 1969,1980). In other areas, railway 
lines were constructed. The mileage of railroads in Louisiana between 1880 and 1910 increased 
from 1,050 km to 8,942 km. By 1920 however, the mileage began to decrease because of the 
abandonment of the logging operations (Mancil 1969). With the use of pullboat barges, trees 
could be pulled in from as far as 1,524 m from the canal through runs spaced about 46 m apart in a 
fan-shaped pattern. The runs were cleared of all trees and stumps and the logs pulled to the 
canal. This skidding of timber across the swamp floor damaged and destroyed much young 
growth, and the continual use of a run resulted in a mud-and-water-filled ditch 1.8 to 2.4 m deep 
for the length of the run (Mancil 1980). This operation left a distinctive wagon wheel-shaped 
pattern in the swamp forest that can still be seen on aerial photographs taken today.
In addition to logging operations, oil and gas, flood control, navigation, road construction, 
and agricultural activities also have done much to alter the original overland flow patterns of the 
swamp. Large areas of swamp forest are now constantly flooded due to spoil banks associated 
with various activities that have occurred in the swamp (Conner et al. 1981).
ApparenL.Water.LeveLBisa
Another important factor that needs to be considered in Louisiana's coastal wetlands is 
increasing water levels resulting from eustatic sea level rise (Gornitz et al. 1982) and subsidence
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(Gosselink 1984). Recent projections by the Environmental Protection Agency (Hoffman et al.
1983) suggest that there will be a rise of from 50 to 200 cm by the year 2100. Work by DeLaune 
et al. (1985) has shown that there is already a significant increase in water level along the entire 
Louisiana coast primarily due to subsidence. Flood control levees along the Mississippi and 
Atchafalaya Rivers prevent the flooding of these wetlands by sediment-laden waters, and new 
sediments now come from erosion of agricultural fields (Soil Conservation Service 1978) or 
resuspended bottom sediments (Baumann et al. 1984). Subsidence generally exceeds 
sedimentation in many areas, and most of coastal Louisiana is presently experiencing an apparent 
water level rise of about 1 m/century (Salinas et al. 1986).
Nutria
Animal herbivory is a problem that has long existed in the swamps. The nutria (Mvocastor 
covpul is a native of South America commonly found in low marshy places. The species was 
introduced in California as early as 1899 (Willner 1982). Substantial populations today occur from 
Texas to Alabama, North Carolina to Maryland, and Oregon to Washington (Fig. 6). Feral 
populations occur in 15-18 states (Adams 1956, Willner 1982).
In Louisiana nutrias were first imported and released near Covington in 1933, but a 
population of animals failed to develop (Kays 1956). Thirteen nutria were released in Iberia Parish 
in 1937 and several animals were released into the St. Bernard and Orleans Parish marshes 
several times prior to this without establishing a breeding population (O'Neil 1949). Twelve nutria 
were imported by Mcllhenny at Avery Island in 1937 for experiments in pen raising nutria for fur 
(Kays 1956, Lowery 1974). In 1939 approximately 12 pair of the Mcllhenny animals escaped into 
the marshes surrounding Avery Island. A hurricane in 1940 released another 150 animals. After 
this occurrence, landowners began releasing breeding stock into their marshes for fur and weed 
control. Two hundred and fifty nutria were transplanted to the Mississippi River delta in 1951 and 
the population increased so rapidly that the marsh in the delta area was completely torn apart by 
1957. By 1955-59, the nutria population in Louisiana was over 20 million animals (Lowery 1974).




FIGURE 6 . Nutria distribution in the United States (from Lowery 1974).
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Nutria were lirmly established in the freshwater area between the Atchafalaya River and the Texas 
state line by 1950 (Atwood 1950) and north to the Red River by 1960 (Blair and Langlinais 1960).
Nutria are known to cause damage to newly planted baldcypress seedlings. During 1956-57 
personnel from the Soil Conservation Service attempted to plant baldcypress seedlings in a cut­
over swamp area in southcentral Louisiana. After four months, 90% of the seedlings had been 
destroyed, and nutria were suspected as the cause. The Soil Conservation Service 
subsequently recommended that the planting of baldcypress be suspended until some means of 
nutria control were perfected (Blair and Langlinais 1960).
HYPOTHESES AND OBJECTIVES
The swamp is a fragile environment that can be destroyed by man's indifference or over- 
zealous enthusiasm to save it (Thomas 1976). With the renewed interest in cypress logging and 
management, it is important that the factors affecting regeneration of baldcypress be studied to 
ensure the development of proper management practices. Changes in environmental factors, 
such as water-level rise and the spread of nutria, that have occurred since the last logging period 
need to be understood to successfully predict what will happen in swampy areas if they are 
logged again.
For this research problem, two coastal swamp forests were selected as being typical of what 
is occurring throughout the Louisiana coastal zone and also occurring in the area of greatest 
concentration of baldcypress. These forests are in the Barataria and Lake Verret watersheds (Fig.
7), both with extensive baldcypress swamps. The following hypotheses were developed and 
tested:
H. 1. Even though climatic conditions have been favorable during the 
1980's, natural regeneration of baldcypress is not occurring in the 
Barataria and Lake Verret watersheds.
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FIGURE 7. General location map of the Barataria and Lake Verret Basins in Louisiana.
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H. 2. Flooding episodes are increasing in frequency and duration in the 
Verret and Barataria swamp forests and are limiting baldcypress 
regeneration.
H. 3. Nutria damage to seedlings still limits natural and artificial 
regeneration of baldcypress in natural swamp areas.
H. 4. Artificial regeneration of baldcypress is limited in scope and
success but can be successful in carefully managed situations.
H. 5. Models, such as the FORFLO bottomland succession model
(Pearlstine 1985), are a useful tool in predicting the future of the 
baldcypress resource in the Barataria and Lake Verret watersheds 
of Louisiana.
This research was undertaken to provide information on factors influencing natural and 
artificial regeneration of baldcypress in the Barataria and Verret watersheds. To determine 
whether the hypotheses proposed above are correct or not, a multi-faceted approach was 
designed. Specifically, the objectives were to:
1. calculate the monthly water budget for each basin for the period of record to 
determine when dry periods have occurred in the basins and compare the 
drought of 1985-86 with other droughts;
2. determine water depth and sedimentation patterns in the two watersheds and 
calculate present and historical flooding patterns;
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3. monitor natural regeneration (seedling and coppice) of baldcypress in the two 
watersheds;
4. monitor survival and growth of planted baldcypress seedlings in natural swamp 
areas;
5. monitor survival and growth of baldcypress seedlings planted under controlled 
flooding conditions; and
6. incorporate the field data into the U.S. Fish and Wildlife Service's FORFLO 
bottomland hardwood model to predict the future of baldcypress resources for 
the Barataria and Lake Verret watersheds.
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CHAPTER 2
DESCRIPTION OF THE BARATARIA AND VERRET BASINS
"Over their heads the towering and tenebrous boughs of the cypress 
Met in a dusky arch, and trailing mosses in mid-air 
Waved like banners that hang on the walls of ancient cathedrals."
- Henry Wadsworth Longfellow 
Evangeline
Coastal Louisiana was formed as a result of sedimentation by the Mississippi River over the 
past several thousand years (Morgan 1967). Frequent channel changes by the Mississippi River 
have created broad areas of near sea level wetlands (Kolb and Van Lopik 1958; Fig. 8). In an 
active delta, sedimentation exceeds erosion, while in an abandoned delta the reverse is true. As 
channels extend into the shallow Gulf of Mexico waters, high ridges or natural levees form 
adjacent to the streams from the deposition of coarse sediments. Lower elevations in the back of 
the natural levees contain much finer sediments and support wetland vegetation (Fisk 1955). 
Most estuarine systems of the Mississippi Deltaic Plain are thus located in an interdistributary 
position, that is, between the higher ridges of the Mississippi distributaries (Russell 1936).
BARATARIA BASIN
The Barataria Basin is an example of an interdistributary estuarine-wetland system. It is 
located between the natural levees of the active Mississippi River and the abandoned Bayou 
Lafourche distributary (Fig. 9). The basin is roughly triangular in shape, with its apex at 
Donaldsonville. It is about 110 km long and 50 km wide at its largest point where it meets the Gulf 
of Mexico. There has been little sedimentation in most of the basin since the river occupied its 
present channel about 700 years ago (Morgan 1967). Since that time, bays, lakes, and bayous
25
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6,200-7,200 
Yrs B.P.1. Maringouin delta lobe 4. Lafourche delta lobe
2. Teche delta lobe
5. Plaquemines delta lobe 200-1,000 Yrs B.P.
6. Modern 0-200 Yrs B.P.
3. St. Bernard delta lobe CO M PO SITE
FIGURE 8 . Historical sequence of major distributary delta lobes (years Before Present 
time) in the Mississippi Deltaic Plain (after Baumann and Adams 1981).
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FIGURE 9. Map of the Barataria Basin with vegetation units and some 
place names (Conner and Day 1987).
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have enlarged by subsidence and erosion to form an extensive network of interconnecting 
waterbodies which allow transport of water, materials, and migrating organisms throughout the 
basin (Fisk and McFarlan 1955; Coleman and Gagliano 1964; Morgan 1967,1972).
Soils in the basin are fluvival in nature because of the Mississippi River. The natural levee 
ridges directly adjacent to the river are sandy in nature and are of the Convent series (Zeringue 
1980). Loamy soils of the Commerce and Vacherie series occur in isolated areas along the ridges. 
The intermediate to lower portions of the ridges are more clayey. The most prominent soils here 
are the Sharkey soils. The Fausse series is found on the lowest parts of the ridges and in broad 
flat depressions. The almost continuously flooded interior of the basin is characterized by 
semifluid clay soils with a layer of muck (Barbary series).
Salient morphological features characterizing the area include natural and artificial levees, 
water bodies (such as bays, lakes, and bayous), coastal beaches and barrier islands, and swamp 
and marsh wetlands. The lower portion of the Barataria Basin is a typical bar-built estuary. It is 
shallow with bars at the mouth and a low-tide, low energy coast (Adams et al. 1976). The natural 
levees and barrier islands are the only high, well-drained ground in the basin and thus have been 
the primary sites of human habitation. The coastline is primarily beach-dune systems with tidal flats 
and marshes in protected areas behind the barrier shores (Morgan 1967). Barrier islands protect 
the estuarine environment from waves and currents that would otherwise cause much more rapid 
erosion of wetlands.
The basin is still an extremely dynamic system undergoing constant change because of 
geologic and human processes. The basin has been closed to river flow since the closing of the 
Bayou Lafourche-Mississippi River connection in 1902 and the leveeing of the Mississippi River in 
the 1930-40's. A small amount of water enters the basin through the Intercoastal Canal via the 
locks in New Orleans. Precipitation provides the main source of freshwater for the basin. During 
periods of high water on the Mississippi River and given certain wind and sea conditions, 
freshwater from the river can exert some influence on the lower part of the basin (Conner and Day 
1987).
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In its upper headwater region, the Barataria Basin is mainly composed of levee and 
developed land and baldcypress-water tupelo swamp. The highest and driest areas in the basin 
are found along the natural levee ridges of the Mississippi River and Bayou Lafourche. These 
levees were once covered with forests of hardwood trees. However, the majority of these 
forested lands have been cleared and are now used for agricultural, residential, and industrial 
purposes. Stands of American elm, sweetgum, sugarberry, and red maple can still be found in 
some areas. Vegetation in the swamp forest is predominantly baldcypress and water tupelo.
There are about 100,000 ha of swamp in the Barataria Basin (Hopkinson 1978).
Baldcypress lumbering began in earnest around 1890 and numerous mills were located in 
the area (Mancil 1972). Production peaked in 1913 when 755 million board ft of baldcypress were 
harvested in the state (Mattoon 1915). A large portion of the lumber came from the Barataria Basin 
area. By 1925 all the virgin stands of baldcypress were logged, and only a few individual virgin 
baldcypress exist in the basin today. The construction of canals and railroad lines in the swamp 
severely altered the natural hydrology of much of the basin.
Perhaps the greatest activity that has altered the entire basin is the search for and extraction 
of oil and gas. The greatest concentration of oil and gas in the state lies in the modern Mississippi 
delta and just to the west of the Mississippi River, especially in the Barataria Basin (Adams et al. 
1976). Oil pipeline canals form an intricate network in the basin. Hydrologic patterns have been 
drastically altered, and recent studies (Turner et al. 1982, Johnson and Gosselink 1982, Scaife et 
al. 1983) have shown that the large amount of land lost in the basin may be related directly or 
indirectly to the construction of these canals.
Hydrology is an extremely important integrating factor in the basin. Water is the major 
transport mechanism among waterbodies, wetlands, and the Gulf, carrying suspended silt and 
clays, nutrients, and organic material throughout the basin. The rate of water movement is a 
function of tide range (about 0.3 m at the coast), wind, precipitation, and the gradual slope of the 
land from the cypress swamps to the Gulf (about 1.0 cm/km) (Conner and Day 1987). These 
conditions create sluggish bayous and promote overland sheet flow through the wetlands.
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VERRET BASIN
The Lake Verret Basin is located between the East Atchafalaya Protection Levee and the 
natural levee ridges of the Mississippi River and Bayou Lafourche (Fig. 10). There are 
approximately 99,000 hectares (ha) of land within the watershed, of which 48% are seasonally 
flooded bottomland hardwood forests and cypress-tupelo swamps [Soil Conservation Service 
(SCS) 1978]. The bottomland hardwood areas are generally found on the natural levees and 
ridges in the northern part of the basin, while the baldcypress-water tupelo swamps are more 
numerous in the south. Cleared and developed areas occur on and directly adjacent to the 
natural levee areas of the Mississippi River and Bayou Lafourche.
The basin lies entirely within the Mississippi River Deltaic Plain. Elevations range from 6 m 
above mean sea level (MSL) in the northern part of the basin to less than 1 m above MSL in the 
southern part (SCS 1978). Natural water drainage is via overland flow off the natural levee areas 
through the bottomland hardwood forests and cypress-tupelo swamps into the canals and bayous 
which flow into Lakes Verret and Palourde. Water exits the watershed through Bayou Boeuf into 
the Lower Atchafalaya River system and the Terrebonne Parish marshes (SCS 1978).
The principal soil associations v.i the basin are fairly typical of forested wetlands in Louisiana 
(Slater 1986). The highest elevations along the natural levee ridges of the Mississippi River and 
Bayou Lafourche are occupied by Commerce soils. These soils are fertile and flooding rarely 
occurs, resulting in their use as cropland, pasture, and for urban and residential development. 
Sharkey soils are found at low to intermediate elevations along the Mississippi River and Bayou 
Lafourche. These soils are used primarily for agricultural purposes, although they contain some 
undrained areas of bottomland hardwood forests. The Sharkey-Fausse soil association occurs in 
low areas and depressions away from the natural levees and are subjected to flooding one or 
more times each year (usually from December to July). Most of the bottomland hardwood forests 
in the basin are located in this soil association. The areas of the basin that are farthest from the
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FIGURE 10. Map of the Lake Verret Basin in Louisiana with the distribution of 
swamp forests and some place names.
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natural levees and lowest in elevation are occupied by Barbary soils. These lower areas, nearly 
continuously flooded, are vegetated by baldcypress-watertupelo swamp forests .
Prior to the construction of flood-control levees, the Verret Basin was part of the 
Mississippi/Atchafalaya River floodplain and was flooded each spring when the rivers overflowed 
their banks (Fisk 1944, Howe et al. 1938). Water levels in the basin since the construction of the 
levees have been influenced mainly by subsidence, and secondarily by rainfall, upland runoff, 
and backwater flooding.
Subsidence is the natural compaction of alluvial sediments through time. In the deltaic plain 
environment, the continued existence of wetland areas is partially dependent on the ability of the 
wetland to maintain its elevation through vertical accretion (Baumann and DeLaune 1982). When 
the Verret Basin was an overflow system, there was substantial water and sediment input to the 
basin. Thus, the swamps and bottomland hardwood areas maintained or built up their elevations, 
allowing for the existence of large areas of bottomland hardwood forests. With the construction of 
the flood control levees in the 1930's, this input of sediments was eliminated . Presently, the only 
external source of sediment to the wetlands in the Verret Basin is erosion from agricultural fields, 
and nearly 70% of this eroded sediment is deposited in ditches adjacent to the fields. Most of the 
remainder is deposited in the waterways and lakes of the basin with only a small portion actually 
reaching the forested wetland areas (SCS 1978). This area has undergone subsidence with no 
major sediment input, and water levels have been rising (Conner et al. 1986b).
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CHAPTER 3
REGENERATION OF BALDCYPRESS AS RELATED 
TO DROUGHT IN SWAMPS OF SOUTHEASTERN
LOUISIANA
"It is a place that seems often unable to make up its mind whether 
it will be earth or water, and so it compromises."
- Harnett T. Kane 
The Bayous of Louisiana
INTRODUCTION
Baldcypress produces seed every year with large crops occurring every three to five years 
(Mattoon 1915, Langdon 1958). Although the seed is generally dispersed by floodwaters, the 
seed will not germinate in standing water (DuBarry 1963). Successful germination followed by an 
extended dry period of one or two growing seasons is necessary for the seedling to send up a 
shoot that will extend above floodwaters (Bull 1949, Hall et al. 1946, Schopmeyer 1974). Young, 
actively growing seedlings can withstand flooding for only two to three days before they are killed 
(Mattoon 1916, Hook 1984, Williston et al. 1980). Demaree (1932) found that actively growing 
seedlings 20 to 30 cm tail die within 10 to 12 days when totally submerged.
In general, the conditions necessary for successful baldcypress regeneration occur every 30 
to 50 years (Rathborne 1951), and thus, baldcypress stands are made up of groups of even-aged 
trees that became established during favorable conditions (Putnam et al. 1960). Unfortunately, 
there are no accurate records of when these favorable periods existed. What is available, 
however, are routine climatological data (temperature and precipitation) taken at cooperative 
weather stations by the National Weather Service (Muller 1975). The data can be used to 
calculate water budgets for any area. Muller (1975) recommended that precipitation (P) minus 
potential evapotranspiration (PE) be used as an appropriate index of moisture exchange in
33
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wetlands of infinite storage (i.e., actual evapotranspiration = potential evapotranspiration). The 
greater the P-PE value, the more flooded the area is. Low P-PE values are indicative of drought 
conditions. In the Lake Pontchartrain area, Conner and Muller (1987) showed that there was 
some relationship between baldcypress ages and dry periods.
In areas of this study, rainfall is the only important source of fresh water. Rainfall supplies the 
water needs of the swamp and provides a means of export for materials to downstream areas. The 
monthly water budget (Thornthwaite and Mather 1955) provides quantitative estimates of climatic 
variables in a format that can be compared to biological processes occurring in the basins. 
Therefore, an objective of this study was to calculate the water budgets for the Barataria and 
Verret Basins and determine when conditions have been favorable for cypress regeneration to 
occur and specifically to determine if favorable conditions occurred during this study.
METHODS
Before the construction of the flood control levees along the Mississippi and Atchafalaya 
Rivers and Bayou Lafourche, the swamp forests of southeastern Louisiana received floodwaters 
from the annual overflow of the rivers. At present, water levels in these systems are dependent 
upon rainfall and local runoff. As a result, local climatological data can be used to calculate the 
hydrologic cycles for the study areas.
Temperature and precipitation data were inputted into a computerized water budget program 
developed by Yoshioka (1971) and modified by Sklar (1983). Climatological data were obtained 
from the monthly and annual publications of the National Oceanographic and Atmospheric 
Administration. Data from four weather stations (Donaldsonville, Thibodaux, Reserve, and 
Paradis) on the periphery of the Barataria Basin and three stations (Thibodaux, Morgan City, and 
Carville) around the Lake Verret Basin were used to calculate the water budgets. Reliable records 
for the Barataria and Verret watersheds go back to 1914 (Sklar 1983) and 1939, respectively. PE 
estimates were calculated from the empirical relationships among air temperatures, daylight hours, 
and the heat index developed by Thornthwaite and Mather (1957). PE estimates for Louisiana
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have been found to have less than 10% error (Muller and Larimore 1975). For more details on the 
water budget, see Muller (1970) and Sklar (1983). Monthly P minus PE values for Barataria Basin, 
Verret Basin, and New Orleans are given in Appendix 3.
RESULTS AND DISCUSSION
Monthly averages for each of the components of the continuous water balance are given in 
Table 3. The averages of the water budget components indicate a monthly excess of rainfall and 
production of runoff. There was, however, a seasonality in this surplus (Fig. 11). Most of the 
instantaneous surpluses were generated in the winter as a result of high precipitation and low 
evapotranspiration. The average precipitation was greatest in July, but little surplus was 
generated as evapotranspiration was at a maximum. Sklar (1983) found that winter and spring 
surpluses were available as runoff throughout the summer. It is probable that during the summer 
months when P almost equals PE and runoff is at a yearly low (especially during drought periods), 
these swamps have the potential to dry out sufficiently for seed germination and seedling 
establishment.
Although total annual P exceeded PE for most years of record, annual totals of P-PE (Fig.
12) indicated that the years 1921 and 1924 were extremely dry in the Barataria watershed, and 
1962 was dry in both watersheds. Mancil (1980) reported that the drought in the 1960's was the 
first time since 1924 that the Barataria swamp forest had dried out. It is interesting to note that the 
1924 dry period coincided with the approximate end of the cypress logging industry in southern 
Louisiana, and this factor should have provided ideal conditions for the establishment of 
baldcypress seedlings.
Annual totals of P-PE are useful for looking at gross trends, but growing season (March thru 
October) P-PE values may actually be more useful since the seedlings are less susceptible to 
flooding damage during the winter dormant season. Growing season values of P-PE are plotted 
in Figure 13. There are several periods in both basins when regeneration might have occurred: 
1947-48, 1960, 1962-63, 1965, 1968, 1972, 1976, 1981, 1984, and 1986.
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TABLE 3. Mean monthly water budget parameters* for Barataria and Verret Basins.
A. BARATARIA BASIN
JAN FEB MAR A P R MAY JUN JUL AUG S E P O C T N O V DEC TOTAL
T 13.1 14.3 17.0 20 .6 23.7 26.8 27.5 27 .4 25.8 21.2 16.3 13.4 -
P 12.8 12.2 13.4 11.4 13.0 13.4 18.3 16.4 14.9 9.0 11.2 14.2 160.2
PE 2.5 2.8 5.1 8.2 12.6 16.0 17.1 16.2 13.1 8.1 4.0 2.6 108.3
P-PE 10.3 9.4 8.3 3.2 0.4 -2.6 1.2 0.2 1.8 0.9 7.2 11.6 51.9
AE 2.5 2.8 5.1 8.0 11.8 13.7 15.7 14.9 11.6 6.9 4.0 2.6 99.6
D 0.0 0.0 0.1 0.3 0.8 2.2 1.4 1.3 1.5 1.1 0.2 0.0 8.9
S 8.2 8.7 8.7 6.6 4.7 3.3 2.8 2.3 2.6 2.3 3.7 6.5 60.4
B, VERRET BASIN
JAN FEB MAR A PR MAY JUN JUL AUG S E P O C T N O V DEC T O TA L
T 11.3 12.8 16.3 20 .3 23.8 26.9 27.7 27.6 25.7 21.1 16.0 12.9 -
P 11.7 12.6 12.2 11.8 12.9 14.0 19.4 16.7 16.4 8.2 11.0 13.8 160.7
PE 1.9 2.4 4.7 8.0 12.6 16.1 17.4 16.4 13.1 7.9 3.9 2.3 106.7
P-PE 9.8 10.2 7.5 3.8 0.3 -2.1 2.0 0.3 3.3 0.3 7.1 11.5 53.7
AE 1.9 2.4 4.6 7.7 11.7 13.9 16.0 14.8 12.0 6.9 3.7 3.8 99.4
D 0.0 0.0 0.0 0.4 0.8 2.1 1.4 1.5 1.0 1.1 0.1 0.0 8.4
S 9.5 10.4 7.9 5.4 2.8 2.1 3.0 1.9 3.8 1.8 34.5 9.7 92.8
*T=temperature, P=precipitation, PE=potential evapo-transpiration, AE=actual evapotranspiration, 
D=deficit, S=surplus. All values are in cm except temperature which is °C .
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FIGURE 11. Average water budgets for the Barataria and Verret Basins.
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FIGURE 12. Annual precipitation (P) minus potential evapotranspiration (PE) values for 
the Barataria and Verret Basins.
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FIGURE 13. Growing season (March-October) precipitation (P) minus potential evapo­
transpiration (PE) values for the Barataria and Verret Basins.
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Unfortunately, no age-class data exist for baldcypress in the two basins under study.
Prenger (1985) aged 14 baldcypress trees from an area of the the Atchafalaya basin logged from 
1909-1914. The trees dated back to approximately 1917, a time that was fairly dry (Fig. 14). In the 
New Orleans/Lake Pontchartrain area, Conner and Muller (1987) performed a similar type of 
analysis. They found that the majority of the trees aged appeared to have become established 
during the years 1949-53, a period that the growing season P-PE values indicate as being low 
water years (Fig. 14). There were two other distinct groups of trees in the Pontchartrain study -  
1880-90 and 1925-35. Interestingly, both of these periods coincide with important baldcypress 
logging dates. Baldcypress logging began in earnest around 1890 and ended around 1925 
(Mancil 1980). Unfortunately, there are no accurate records of when the sampled forest was 
logged. Both of these groups of trees match up with low water periods predicted by the water 
budget data. Other dry periods for which no trees are represented can be seen in Figure 14.
In the two basins under study, the water budget predicted three dry periods in the recent 
past: 1981,1984, and 1986, with 1981 rivaling the drought of 1962. What is important to the 
present study is that conditions have occurred in which regeneration of baldcypress was 
possible. Natural regeneration in the Barataria and Verret Basins did not occur, however, as will be 
discussed in the following chapter.
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FIGURE 14. New Orleans growing season precipitation (P) minus potential evapotranspiration 
(PE) values (top graph) and number of baldcypress trees by year from the New Orleans area 
(bottom graph). The tree data and water budget data are from Conner and Muller (1987).
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CHAPTER 4
NATURAL REGENERATION OF BALDCYPRESS 
IN THE BARATARIA AND VERRET BASINS
"For there is hope of a tree, if it be cut down, that it will 




Logging of cypress in the past was largely limited to clearcutting or high-grading. In spite of 
the lack of proper regeneration methods, thousands of hectares of second-growth cypress are 
found throughout the southeastern United States (see Chapter 1 for more details). To properly 
manage cypress resources for the long-term, there must be a continual replacement of new trees. 
However, in many coastal areas of the southeastern United States where cypress grows, the 
construction of canals and spoil banks associated with oil and gas exploration, navigation, flood 
control, highway development, and timber harvesting activities has resulted in impoundment of 
large areas, alteration of drainage patterns, and disruption of natural hydrologic regimes (Conner 
et al. 1981). In addition, rising water levels (Salinas et al. 1986, Conner et al. 1986b) are creating 
longer and deeper flooding events. While older cypress trees can tolerate long flooding periods, 
cypress seedlings cannot (Williston et al. 1980). Due to the changes in Louisiana's wetlands, 
natural regeneration of cypress forests appears to be inadequate to regenerate existing stands. 
To test this hypothesis, three projects were conducted in southern Louisiana to study the survival 
and growth of baldcypress natural regeneration.
4 2
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METHODS
PROJECT ONE
The first study was initiated in March 1983 with the help of Timber Realization Company 
(originally Masonite, Inc.) of Thibodaux, Louisiana. Stands of baldcypress logged in 1980,1981, 
1982, and 1983 were located in the Barataria and Verret basins, visually surveyed, and mapped 
(Fig. 15). Local landowners granted permission to use four areas for study.
Area 1 (Levert) is in the Verret Basin and is located in the Chacahoula Oil and Gas Field near 
Thibodaux where approximately 250 ha were logged in 1980. This site presented the 
opportunity to study impounded versus unimpounded water conditions. An access road cuts 
through the logged area. To the north of the road (Levert-FLD), the forest is continuously, 
flooded. The area south of the road (Levert-DRY) drains naturally and has fluctuating water levels.
Areas 2-4 have fluctuating water levels and are located in the Barataria Basin. Area 2 (Boeuf) 
is located east of Lake Boeuf. Approximately 250 ha were logged in 1981. Area 3 (Gravois) is 
located near Vacherie, Louisiana, where approximately 13 ha were logged in 1982. Spoil banks 
partially surround this area, but water levels varied from day to day, indicating that there are some 
connections to adjacent canals. Area 4 (Golden Star) lies just west of Lac des Allemands where 
750 ha were logged in 1983.
Vegetation Cover
In each study area, ten 400-m2 permanent circular sampling plots were established in the 
summer of 1983. All trees greater than 10 cm diameter at breast height (or 46 cm above the butt 
swell where appropriate) were measured. Understory vegetation (diameter less than 10 cm but 
greater than 2 m tall) was tabulated from a 100 m2 plot (same center as the large plot) as to species 
and number of individuals. In the smaller plots seedlings (individuals less than 2 m tall) were also 
recorded by species and number of individuals.
To define stand characteristics before logging, it was necessary to estimate the average 
diameter of baldcypress trees in the previous stand. Therefore, the diameter of 75 baldcypress
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FIGURE 15. Location of areas logged for baldcypress in southern Louisiana and used in 
Project One.
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trees of varying sizes were measured at the height where cutting would normally occur and at dbh.
A regression equation (dbh = 0.7107 + 0.6747X, where X = stump diameter and r2 = 0.92) was 
formulated, allowing the estimation of dbh from stump diameter.
Baldcypress ELe.gene ration
All baldcypress seedlings in each plot were marked with flagging, numbered, and tagged.
Initial heights were measured during the spring of 1983. Coppice regeneration was measured by 
recording: (1) the number of live and dead sprouts per stump in each plot, (2) sprout diameters 
and heights, and (3) the origin of the sprouts (top, side, or base of the stump). The plots were 
revisited during the fall of 1983 and the spring of 1987 to remeasure all seedlings and stump 
sprouts. Because some of the study areas were logged 1-3 years before the study began, 
regeneration progress could be measured. Levert, for example, which was logged in the spring 
of 1980, had already experienced three growing seasons when the initial measurements were 
made. At the other extreme, Golden Star was logged in 1983. The stumps had therefore 
undergone no sprouting at the time of the initial measurements.
PROJECT TWO
Three areas logged in 1983 in the Barataria watershed (Fig. 16) were chosen for a more 
intensive regeneration study. The first area (Louisiana Land) is east of the Boeuf property 
described in Project One and is owned by Louisiana Land and Exploration Company. The 
second area is part of the Golden Star holding but will be called Lac des Allemands to distinguish 
the two. The third area (Melodia) is approximately 8 km south of Thibodaux behind Melodia 
Plantation and is owned by Laurel Valley Corporation. Within each of these areas, three groups of 
four 0.2-ha plots were established in October 1984. The basal area and density, and species of 
trees greater than 10 cm dbh were determined in the 0.2 ha plots. The presence and abundance 
of shrubs and saplings (all species < 10 cm dbh) were evaluated in 0.1 ha subplots (same center 
as the large plot).
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FIGURE 16. Location of the areas logged for baldcypress in 1983 and used in Project Two of 
the natural regeneration study.
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The interior 0.1 ha of each plot was also surveyed for seedling and coppice regeneration in 
March and October 1985. All seedlings were measured for height and tagged to facilitate finding 
them again. Each baldcypress stump was measured (diameter and height at the cut), and the 
number of sprouts, sprout diameters, sprout heights, and the origin of the sprouts (top, side, or 
base) recorded. Each sprout was tagged for future identification. These plots were resurveyed in 
the fall-winter of 1986-1987.
PROJECT THREE
A third study was initiated in the Lake Verret Basin. This study was slightly different from the 
other two in that no logged areas were available for study, so study sites were established in 
unlogged stands of trees (Fig. 17). Water levels in the forests of the Verret Basin have been 
rising (Conner et al. 1986b) and much of the timber is experiencing longer and more extensive 
flooding than in the past. As a result, much of the timber is dying and the canopy is opening up, 
providing more light and less competition to the understory vegetation. Color-infrared imagery, 
discussions with local landowners, and visual observations were all used in selecting the study 
sites. The ridge and swale topography of the basin presented the opportunity to choose 
unflooded and flooded sites in close proximity to each other. In October 1984, three 0.1-ha plots 
were established at the north end of Lake Natchez near Lone Star, Louisiana. Plot WC1 lies along 
the highest elevation of a bottomland hardwood ridge running through the swamp. Plot WC3 lies 
in an area that is nearly always flooded. WC2 was established between plots 1 and 3 representing 
an area intermediate between the highest and lowest elevations. The plots were approximately 
20 meters apart. The drier sites are representative of oak-hickory-sweetgum forests, while the 
flooded areas are representative of baldcypress-water tupelo forests.
Within each study plot all trees greater than 10 cm dbh were numbered and their species, 
dbh, and height recorded. Number and species of shrubs (less than 10 cm dbh but greater than 2 
m tall) were tabulated. Seedlings (less than 2 m tall) were tagged, and the species and height
















FIGURE 17. Location of the study plots in the Lake Verret Basin with a diagram of the plot layout 
and a generalized cross-section of the ridge-swale topography.
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recorded at the end of each growing season during 1984-1986. Each plot was tabulated 
separately to describe the composition within each flood zone.
RESULTS
VEGETATION
Four tree species make up nearly 100% of the BA and total number of trees in Projects One 
and Two: baldcypress, water tupelo, ash, and red maple. However, the total number of individuals 
and the BA of each species varied in each area (Tables 4 and 5). In the Project Three, species 
composition changed as water depth increased. On the highest ridge (WC1), oak, ash, 
sugarberry, and sweetgum were common. In the more flooded areas (WC2 and WC3), red maple, 
ash, baldcypress and water hickory were common, while oak, sweetgum, and sugarberry 
decreased in numbers (Table 6). In terms of BA, baldcypress was the major tree species in every 
area of Project One and Two before logging. Now it ranks below red maple, ash, and water tupelo 
in nearly all areas in terms of BA and abundance (Tables 4 and 5). Baldcypress BA increased from 
the ridge to the flooded area in Project Three (Table 6).
Red maple, ash, buttonbush, Virginia willow, snowbell, swamp-privet, and hawthorn were the 
most numerous shrubs and saplings with red maples generally being the most abundant (Tables 
7 , 8, and 9). Three of the five study areas in Project One and W C1 in Project Three did not 
contain any baldcypress saplings. Overall, all areas were dominated by small, water-tolerant, 
shrubby, non-timber species.
In 1983-84 when the plots were first established, Levert-DRY, W C1, and WC2 were the only 
sites with significant numbers of seedlings of any kind. Species commposition varied 
considerably from plot to plot (Tables 1 0 ,1 1, and 12). No baldcypress seedlings were found in 
Levert-FLD, Louisiana Land, or WC3. All three of the latter sites are areas where water levels are 
nearly constant year-round as the result of impoundment or subsiding land. When the plots in 
Project One were resurveyed in October 1983, the only area with baldcypress seedlings was 
Levert-DRY. Average growth in height for 1983 of the seedlings was 24.4 (+/-16.9) cm, with the
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TABLE 4. Tree density (number/ha) and basal area (m2/ha) of five swamp forest study areas used
in Project One of the natural regeneration study.
Gravois Boeuf
Area
Levert-FLD Levert- DRY Golden Star






















Water tupelo 115 7.5 345 22.0 190 19.1 183 13.2 0 0.0
Red maple 63 2.9 53 0.7 63 1.6 113 4.7 83 2.0
Ash spp. 70 3.0 48 0.6 165 6.7 175 5.3 103 5.1
Persimmon 0 0.0 0 0.0 0 0.0 3 0.2 0 0.0
Black willow 0 0.0 0 0.0 0 0.0 3 0.7 0 0.0
Oak spp. 0 0.0 0 0.0 0 0.0 0 0.0 18 0.3
Sweetgum 0 0.0 3 0.1 0 0.0 0 0.0 5 0.5
Total (after logging) 483 30.1 512 29.9 478 32.5 512 26.1 322 18.2
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TABLE 5. Tree density (number/ha) and basal area (m2/ha) of two swamp forest study areas used
in Project Two of the natural regeneration study.
Louisiana Land
Area 
Lac des Allemands Melodia
Species No./ha BA No./ha BA No./ha BA
Baldypress 
- before logging 326 25.95 354 28.80 137 22.67
- after logging 233 13.55 264 16.38 95 14.35
Water tupelo 178 13.45 59 3.39 131 19.98
Red maple 21 0.34 68 1.94 43 1.12
Ash spp. 13 0.43 56 2.20 95 2 .55
Persimmon 0 0.00 2 0.02 0 0.00
American elm 0 0.00 1 0.02 2 0.02
Oak spp. 0 0.00 0 < 0.01 1 0.01
Sweetgum 0 0.00 1 0.14 0 0.01
Swamp bay <1 0.01 0 0.00 0 0.00
Total 445 27.78 451 24.09 367 38 .04
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TABLE 6. Tree density (number/ha) and basal area (m2/ha) of three swamp forest study areas





No./ha BA No./ha BA No./ha BA
American elm 50 1.34 50 1.41 0 0.00
Ash spp. 90 9.81 120 10.21 290 17.95
Water hickory 50 2.75 50 1.83 60 3 .66
Baldcypress 50 3.25 30 5.12 80 7.72
Hawthorn 0 0.00 20 0.19 0 0.00
Oak spp. 60 9 .97 20 3.10 0 0.00
Persimmon 0 0.00 0 0.00 20 0 .54
Red maple 10 0.11 20 1.59 240 3.39
Sugarberry 100 2.72 40 1.55 0 0.00
Sweetgum 70 1.83 50 3.81 0 0.00
Water tupelo 0 0.00 0 0.00 20 0 .73
Waterelm 0 0.00 0 0.00 30 0.54
Total 480 31.78 400 28.81 740 34.53
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TABLE 7. Shrub and sapling density (number/ha) of five swamp forest areas used in Project One
of the natural regeneration study.
Area
Species Gravois Boeuf Levert - FLD Levert - DRY Golden Star
Red maple 4410 970 1470 4550 2110
Ash spp. 490 500 740 50 410
Virginia willow 0 0 260 430 0
Baldcypress 0 0 80 10 • 0
Waxmyrtle 0 0 40 0 0
Snowbell 3870 1160 20 50 0
Buttonbush 210 40 10 110 50
Black willow 0 0 10 0 0
Oak spp. 0 0 20 70 20
Hawthorn 10 0 0 0 100
Water tupelo 0 20 0 10 0
Swamp dogwood 0 0 0 0 0
Palmetto 10 0 20 0 0
American elm 20 0 0 0 0
Unidentified 0 0 0 10 0
Total 9020 2690 2670 5290 2690
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TABLE 8. Shrub and sapling density (number/ha) of three swamp forest study areas used in
Project Two of the natural regeneration study.
Species Louisiana Land
Area 
Lac des Allemands Melodia
Red maple 44 577 777
Snowbell 0 0 661
Buttonbush 0 85 52
Ash spp. 3 24 334
Baldcypress 51 18 7
Persimmon 0 13 0
Deciduous holly 0 9 0
Water tupelo 12 8 7
Oak spp. 0 6 8
Palmetto 0 4 0
Wax myrtle 6 3 0
Water elm 0 2 0
Hawthorn 0 2 0
American elm 0 2 3
Sweetgum 0 1 1
Sugarberry 0 1 0
Chittumwood 0 0 3
Virginia willow 1 0 58
Dahoon 3 0 0
Swamp bay 17 0 0
Total 137 755 1911
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TABLE 9. Shrub and sapling density (number/ha) of three swamp foreststudy areas used in
Project Three of the natural regeneration study.
Species WC1 WC2 WC3
American elm 0 50 0
Ash spp. 10 70 150
Water hickory 0 20 3
Buttonbush 0 60 20
Chittumwood 0 0 20
Baldcypress 0 20 40
Swamp dogwood 0 10 30
Hawthorn 170 170 0
Deciduous holly 330 410 0
Oak spp. 0 30 0
Persimmon 50 100 10
Swamp-rivet 0 130 660
Red maple 240 370 2570
Snowbell 0 60 10
Sugarberry 80 40 0
Sweetgum 40 50 0
Water-elm 130 40 30
Total 1050 1630 3570

































Baldcypress 10 0 10 10 0 0 930 140 40 100
Red maple 0 0 0 20 0 0 3030 3640 0 250
Ash spp. 10 0 0 20 0 0 1480 1200 0 40
Snowbell 0 0 0 0 0 0 0 110 0 0
Buttonbush 0 0 0 0 0 0 0 60 0 70
Black willow 0 0 0 20 0 0 0 110 0 0
Oak spp. 0 0 0 10 0 0 10 0 0 0
American elm 0 0 0 50 0 0 10 0 0 0
Water tupelo 0 0 0 30 o 0 70 0 0 0
Total 20 0 10 160 0 0 5530 5260 40 460
c/i
o\
TABLE 11. Number of seedlings/ha for three swamp forest study areas used in Project Two of 








Baldcypress 0 0 3 42 12 490
Black willow 0 0 0 400 3 150
Red maple 0 0 0 0 4 625
Ash spp. 0 0 0 0 1 92
Snowbell 0 0 0 0 1 167
Buttonbush 0 0 0 125 2 33
Total 0 0 3 567 23 1557

















TABLE 12. Number of seedlings/ha for three swamp forest study areas in the Verret Basin used in Project Three of the natural
regeneration study.
WC1 WC2 m 3
Species 10/84 7/85 10/85 11/86 10/84 7/85 10/85 11/86 10/84 7/85 10/85 11/86
Ash spp. 40 20 0 10 60 50 70 10 10 70 40 20
Water hickory 20 20 20 0 0 20 0 0 0 0 0 0
Buttonbush 30 140 140 0 70 1140 440 40 0 180 80 30
Bumelia 0 10 0 20 0 0 0 0 0 0 0 0
Baldcypress 60 60 0 0 290 1170 120 80 0 980 10 0
Dogwood 0 0 0 0 0 10 10 0 0 10 10 0
Hawthorn 0 10 0 0 0 30 0 0 0 0 0 0
Oak spp. 290 260 260 20 530 250 190 40 0 10 0 0
Persimmon 100 170 100 40 170 570 330 120 0 260 0 0
Swamp-privet 300 820 4800 210 240 440 0 40 0 50 50 30
Red maple 20 50 10 170 120 60 20 160 0 30 0 0
Snowbell 0 0 0 10 0 10 0 0 0 10 0 0
Sugarberry 50 0 0 50 0 0 10 0 0 0 0 0
Sweetgum 20 20 20 10 0 10 0 0 0 0 0 0
Tallow 0 0 70 600 0 0 0 40 0 0 0 0
Water tupelo 0 0 0 0 0 0 0 0 0 50 50 0
Water elm 130 90 920 30 130 180 0 140 0 0 0 10
Water locust 0 10 10 0 0 50 30 10 0 20 0 0
Black willow 0 10 0 10 0 0 10 10 0 0 30 0
Total 1060 1690 6350 1180 1610 3990 1230 690 10 1670 270 90
OO
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average height of these seedlings being 91 cm. No new baldcypress seedlings established 
themselves in 1983. In November 1986 the only plots containing any baldcypress seedlings 
were Boeuf, Levert-DRY, and Golden Star (Table 10), Melodia and Lac des Allemands (Table 11), 
and WC2 (Table 12). Only in Melodia (Table 11) was there a large increase in baldcypress 
seedling numbers from 1984 to 1986. Their average height was 33 cm.
In 1983,35  percent of the baldcypress seedlings in Levert-DRY were lost to nutria. The 
nutria clipped the young baldcypress seedlings near the root collar and ate the succulent bark of 
the taproot. They did not eat the top part of the seedling, and these parts were found lying next 
to the flagging marking the location of the seedlings. By the end of 1986, only 15% of the 
seedlings in Levert-DRY were still living. When these plots were surveyed in the fall-winter of 
1985, many of the marked seedlings were healthy and growing well. Therefore, I believe that the 
majority of the seedlings in this area were lost to nutria, not natural causes. If this problem 
continues, more study on the protection of seedlings may be needed to ensure successful 
establishment.
COPPICE REGENERATION
Stump sprouting during the first growing season following logging appeared to be excellent. 
However, the majority (75%) of the sprouts in all areas died in succeeding years. By March 1987, 
an average of 9%  of the stumps in the eight study areas had sprouts (Tables 13 and 14).
The majority (61%) of the sprouts originated near the top or cut surface of the stumps and 
are not expected to develop into good sound trees. This is very similar to what has been 
observed with tupelogum (Hook and DeBell 1970, DeBell 1971, Kennedy 1982). Only 1% of the 
sprouts originated at the base of the stumps, a factor probably related to the nearly constant 
flooding of the stumps. Nutria can also be a problem by damaging the stump sprouts, but less 
than 1 % of the sprouts exhibited clipping damage.

















TABLE 13. Coppice regeneration data for baldcypress stumps in five swamp areas used in Project One of the natural regeneration study.
No. stumps % with SDrouts . #sorouts/stumD Avo. ht. (cm! Avo. dia, (cmt
Area per hectare Mar-83 Oct-83 Mar-87 Mar-83 Oct-83 Mar-87 Mar-83 Oct-83I Mar-87 Mar-83 Oct-83 Mar-87
Boeuf 138 17.6 14.7 8.8 0.8 0.8 0.2 120 150 302 2.7 2.7 4.3
Gravois 85 72.7 43.6 10.7 4.6 3.3 0.4 144 157 323 2.2 2.9 6.1
Levert-FLD 28 54.5 36.4 3.6 2.8 2.3 0.4 75 186 350 2.1 2.6 5.6
Levert-DRY 92 5.4 5.4 0.0 0.4 0.4 0.0 148 162 — 1.6 1.8 . . .























% with SDrouts #sDrouts/stumD Avq. ht. (cmj Ava. dia. (cirri
Mar-85 Mar-87 Mar-85 Mar-87 Mar-85 Mar-87 Mar-83 Mar-87
Lac des Allemands
A 152 54.1 32.8 3.2 1.5 16.4 319.2 3.1 6.1
B 38 60.0 26.7 4 .9 1.2 109.8 158.9 1.5 2.1
C 80 28.6 17.1 1.7 0.9 133.9 284.3 2.8 4.8
Melodia
D 80 6.2 3.1 0.3 0.1 146.7 186.7 0.9 2.8
E 18 0.0 0.0 0.0 0.0 - - - -
F 30 0.0 0.0 0.0 0.0 - - - -
Louisiana Land
G 55 18.2 13.6 0.6 0.2 190.0 273.6 4.6 5.3
H 80 18.8 3.1 0.4 0.1 132.9 250.0 3 .4 7.5
I 145 8.6 5.2 0.2 0.1 158.4 247.5 2.6 5.4
DISCUSSION
The data indicate that many factors have to exist simultaneously for successful germination 
and establishment of baldcypress. The main requirements for successful regeneration and 
establishment are: an abundant supply of seed, an abundant supply of moisture during 
germination but lack of standing water, a lack of predators, and the baldcypress seedlings must 
grow tall enough to stay above succeeding floods (Mattoon 1915, Demaree 1932). Because of 
the erratic nature of flooding in Louisiana swamp forests (Sklar 1983), new baldcypress seedlings 
face an uncertain future. Extended dry periods are necessary for the seedlings to grow tall 
enough to survive flooding events. Naturally seeded trees may reach a height of up to 25 cm 
during the first growing season and up to 60 cm during the second growing season (Mattoon 
1915). Baldcypress seedlings can endure partial shading but require overhead light for normal 
growth (Fowells 1965). An example of the effect of short-term dry periods is seen in Table 12. 
During a three-week low water period in June-July 1985, baldcypress seedlings germinated in the 
normally flooded plots at Lake Verret. However, rainfall raised the water levels, and by October all 
of the newly germinated seedlings were dead.
Even though the majority of the stumps in most areas sprouted after logging, survival of the 
sprouts was poor. The majority of the surviving sprouts were poorly shaped and will probably 
never make a quality tree. Only in Levert-FLD and Lac des Allemands were there a number of 
well-shaped sprouts, but these occurred only on 27% of the stumps. The occurrence of the best 
sprouts in these two areas may be related to the intense sunlight in the area versus the shaded 
conditions that still existed in the other areas. Swamp sites with large openings in the forest 
canopy receive 5-50% more sunlight per square cm than areas without large openings (Sklar 
1983).
During the years since the first cypress logging in Louisiana, many changes have occurred in 
the cypress forests. Oil and gas exploration, road construction, and flood control projects have 
greatly altered the hydrologic regime of these areas (Gael and Hopkinson 1979, Conner et al. 
1981). Forests that once received annual inputs of sediment-laden floodwaters are now deprived
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of this sediment source. In an area like Louisiana where natural subsidence is occurring, coastal 
areas need new sediment to maintain their elevation (Baumann et al. 1984). As a result, the 
coastal forested wetlands appear to be experiencing flooding more frequently and for longer 
periods (Conner and Day 1984). The water budget model does not include the effects of 
subsidence. As a result, the model overestimates runoff. In reality, subsidence increases the 
runoff retention rate. Thus, it now takes a more severe drought for the swamp to stay dry long 
enough for cypress seedlings to establish themselves. Even when extended dry periods 
occurred, as in 1980-1981, natural regeneration was limited.
This study and others in Florida (Gunderson 1977) and Georgia (Hamilton 1982) have shown 
that there is very little or no natural regeneration of cypress in swamplands of the southeastern 
United States. Once logging occurs, hardwood species, especially red maple, that exist in the 
subcanopy and overstory become dominant. For the continued existence of cypress in the 
swamps of the southeastern United States a better understanding of the ecological and 
silvicultural aspects of cypress is required.
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CHAPTER 5
ARTIFICIAL REGENERATION OF BALDCYPRESS 
IN NATURAL SWAMP AREAS OF THE 
BARATARIA AND VERRET BASINS
"We didnt inherit the land from our fathers. We are 
borrowing it from our children."
- Amish belief
INTRODUCTION
There is a large amount of second-growth cypress timber in the southeastern United States 
(see Chapter One). Because of the large reserves of cypress timber available in the southeast 
(Williston et al. 1980), recent advances in wood chipping (Marois and Ewel 1983), and new 
methods of extracting cypress from wetlands (Jackson and Morris 1986), logging operations in 
cypress areas are on the increase. In Louisiana, Masonite, Inc. opened a mill near Thibodaux in 
1981 that processed only baldcypress. Masonite decided to sell the plant soon after opening, 
but the plant continued to operate under Timber Realization Company while a buyer was sought. 
During 1986, the company closed down all operations except sales because no buyer had been 
found. The estimated timber cut was 5 to 10 million board feet per year during the time of logging.
Because of the erratic recruitment of baldcypress by seed or coppice regeneration, a good
regeneration system will be necessary to optimize the stocking and growth of baldcypress in
wetland areas. In planting baldcypress, one-year-old seedlings with a stem diameter of 0.6 cm or
larger at the upper end of the root collar make good planting stock (Klawitter 1961). Mattoon
(1915) recommended planting in the late fall or early winter so that seedlings could become
established during low water periods. A 2.4X2.4-m spacing is generally recommended (Mattoon
1915, Williston et al. 1980), although a regular spacing may not be desirable unless the area is
6 4
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clearcut. Young stands (natural or planted) should be thinned at 15 to 20 years to release the 
better stems for rapid growth (Williston et al. 1980). Williston (1959b, 1969) found that thinning 
appeared to stimulate diameter growth in a 70 to 85-year-old cypress stand. Toliver et al.(1986) 
found that thinning intensity did not significantly increase diameter growth in a 70-year-old 
cypress stand after three years but stated that they thought intensive thinning would increase the 
growth of the stand given time.
After the 1890-1925 logging of Louisiana's swamps, baldcypress seedlings were not able to 
re-establish themselves in many of the cutover areas (Mattoon 1915, Bull 1949). Attempts were 
made by personnel of the Rathborne Lumber Company, Harvey, Louisiana, to restock their land 
(Bull 1949) by planting nearly 1 million baldcypress seedlings. Ninety percent of the seedlings 
planted in 1949 and 1950 survived into 1951 and grew 30 to 46 cm in height by the end of the 
1950 growing season. An additional 141,262 seedlings were planted in early 1951 and survival 
was 80 to 95 percent (Rathborne 1951). Plans called for an additional 600,000 seedlings to be 
planted in 1951, but there is no record of what happened to those seedlings; however, Brown 
and Montz (1986) reported that many of the seedlings were killed later by animal browsing and the 
project was abandoned.
Information on planting of cypress in the southeastern United States is limited. Baldcypress 
seedlings have been planted in old soybean fields and crawfish ponds (Faulkner 1985, Faulkner 
et al. 1985), along reservoirs (Bull 1949, Bates et al. 1979), and in drained lowland areas (DeBell 
et al. 1982). Faulkner et al. (1985) reported that baldcypress seedlings averaged 126 cm tall and 
over 2 cm in diameter after two years, with the best growth rates occurring in the wetter of their 
study areas. Along reservoirs, survival rates of 90-100% have been reported (Bates et al. 1979, 
Cox 1987). Even in drained wetland areas, baldcypress seedlings fare well (76-100% survival) 
even though dense planting and continued lowering of the water table may be detrimental to later 
growth (DeBell et al. 1982). The Tennessee Valley Authority was responsible for large-scale 
plantings of baldcypress in the 1930's and 1940's. Several hundred thousand baldcypress were 
planted along the margins of fluctuating reservoirs. Survival rates of 95% and height growths of
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9.1 m in 11 years were reported (Bull 1949). More recent plantings by TVA personnel in 1970 
and 1972 had survival rates of 95 to 100% after six years (Bates et al. 1979). Beaver (Castor 
canadensis) and competition from herbaceous species were the major limitations to operational 
scale plantings in TVA plantings.
Krinard and Johnson (1976,1987) reported that on loess soils, plantation grown 
baldcypress may grow as well as, or better than, hardwood species. After four years, 62% of the 
cypress seedlings planted on a 1.8X3.0-m spacing were still alive and averaged 2 m tall. After 21 
years, 41% of the trees were still alive, and the average diameter was 15.5 cm. Twenty-six percent 
of the trees survived to age 31 and the average diameter was 21.8 cm.
Very little work has been conducted recently on cypress planting in natural swamp areas. 
Deghi (1984) reported that baldcypress seedlings could be successfully planted in flooded 
cypress domes in Florida, but his study was based on only a total of 80 trees. With the limited 
amount of information available on planting baldcypress under natural swamp conditions, the 
objective of this part of the project was to determine if successful plantings could be conducted in 
previously logged areas. Another objective was to determine the growth and survival of planted 
seedlings in unlogged areas of the Verret and Barataria basins.
METHODS
Three projects were conducted to look at the feasibility of planting baldcypress seedlings. 
The first project was a pilot project designed to determine if plantings were possible in the swamp 
environment and was conducted in an unlogged, impounded area of the Barataria Basin. The 
second project was conducted in three areas in the Barataria Basin all logged in 1983. The third 
project was conducted in the Verret Basin to determine the feasibility of underplanting 
baldcypress seedlings.
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PROJECT ONE
To test the feasibility of planting baldcypress seedlings in their natural environment, three 
0.1-ha plots were established in the Barataria Basin and in the Verret Basin in February 1984 (Fig.
18). In each plot, ten equally spaced lines radiating from the center of the plot were planted with 
1-0 baldcypress seedlings obtained from the Louisiana Office of Forestry. Fifty seedlings were 
planted in each plot after the lateral roots were pruned to 2.5 to 5.0 cm long and the taproot 
pruned to 20 cm long. The seedlings were planted in standing water by grasping the seedling 
just above the root collar and inserting the root into the soil until the hand was in contact with the 
soil surface. All seedlings were measured for initial height after planting and survival was 
monitored monthly for three consecutive months and at the end of 1984.
PROJECT TWO
Baldcypress seedlings were planted in three swamp areas logged in 1983, the same areas 
used for the natural regeneration study (Fig. 16). For a more detailed description of these plots 
see Chapter 4.
Starting in February 1985, 50-100 one-year-old baldcypress seedlings were planted in two 
(randomly chosen) of the four plots within each of the 1983 logged areas. One hundred 
seedlings were to be planted in all plots, but the nutria problem became so severe that the 
number of seedlings was reduced to 50 in order to get the plots established as quickly as 
possible. In each plot designated for planting, 20 equally spaced lines radiating from the center of 
the plot were established. Seedlings were planted 3 m apart on the lines. Diameter at the root 
collar and height were measured on all seedlings. Survival was monitored by periodic counts of 
the seedlings planted. The plots were monitored for two growing seasons to follow survival and 
growth of the planted seedlings.
Because nutria presented a problem to newly planted seedlings in Project One (see Results 
and Discussion), one-half of the seedlings in all plots were protected with "Vexar" seedling 
protectors wired to the ground. These protectors are light-weight, relatively durable, and 
inexpensive (Anthony et al. 1978). They are also photodegradable with no known environmental
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FIGURE 18. Location of the two areas planted with baldcypress seedlings in 1984 for Project One.
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hazards associated with the plastic or its by-products (Campbell and Evans 1975). Studies in the 
northwestern part of the U.S. found that even though rodents can chew through the plastic 
guards, seedling survival was still relatively high (Anthony et al. 1978).
PROJECT THREE
At the Lake Verret site (Fig. 17 of Chapter 4), two plantings of baldcypress seedlings were 
made in 1985 across a flooding gradient (Flynn 1986). The first planting of 100 seedlings in each 
of the three areas -  dry, semi-flooded, and flooded -  was left unprotected and the second 
planting of 60 seedlings in each of the three areas was surrounded by chickenwire fences. In 
addition, 25 baldcypress seedlings were planted again in September 1985 inside and outside of 
the chickenwire fences to determine the effect of late season planting on the survival and growth 
of baldcypress. These seedlings were monitored for survival through the 1986 growing season.
RESULTS AND DISCUSSION
PROJECT ONE
The average initial height of the seedlings was 108 ±  12 cm in the Barataria plots and 109 ± 
14 cm in the Verret plots. After three months only 14% and 7% of the seedlings were left in 
Barataria and Verret, respectively. Nutria had clipped and/or pulled up the seedlings in both areas 
and the tops in most cases were still lying next to the flags used to mark the location of the 
seedlings. By the end of the year, all of the seedlings had been destroyed.
PROJECT TWO
Nutria damage to the seedlings was quick and severe in most cases even with the Vexar 
guards (Conner and Toliver 1987). Nutria had very little trouble getting into the Vexar tubes. It 
appeared that they chewed a hole through the plastic netting at water level, clipped the seedling, 
and then pulled the tap root through the hole. In nearly every case, the stem of the seedling was 
left in the tube or adjacent to the tube. Rarely was anything except the bark of the tap root and 
root collar eaten.
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At the Lac des Allemands site, four plots were first planted on March 2. Three days later 
when we returned to finish planting two additional plots, 88% of the previously planted seedlings 
had been destroyed. All seedlings planted on this site were destroyed by the end of the second 
month. At the Louisiana Land site, all of the unguarded seedlings were destroyed during the first 
month after planting, and the guarded seedlings were destroyed by the third month of the study 
(Table 15).
At the Melodia site, the pattern was different from the other plots. Of the six plots planted in 
this area, seedlings in two plots were destroyed by the end of the second month. In the other 
four plots, only four guarded seedlings and twelve unguarded seedlings were eaten after nine 
months. The surviving seedlings grew well, averaging over 30 cm of height growth per year 
(Table 16). The average height of the seedlings after two growing seasons was 130 cm.
The only observed difference among the sites was the fewer number of nutria resting and 
feeding mounds in the relatively untouched plots (only 1 in the four minor damaged plots versus 
8/plot in the heavily damaged plots). Assuming that mounds are an indication of the nutria 
population in a given area, it appears that adequate seedling survival is dependent on the number 
of nutria in close proximity to the planted areas. However, Vexar seedling protectors provided 
little protection against nutria. If artificial regeneration of baldcypress is expected to succeed in 
areas densely populated with nutria, some other method of protection needs to be devised.
PROJECT THREE
Of the 100 unprotected seedlings planted in each of the Verret sites in February 1985, all 
were destroyed by the end of two months. Nutria were not known to be abundant in this area, but 
they obviously were a problem. The chickenwire fences prevented nutria from getting to the 
seedlings, and survival varied from 88% to 94% in the different flooding zones after one year 
(Table 17). By the end of 1986, survival in the flooded,semi-flooded, and dry areas had dropped 
to 70%, 64%, and 91%, respectively. Growth of the seedlings varied across the flooding gradient 
with the flooded area > transition area > dry area. The initial height of the seedlings in the flooded
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TABLE 15. Percent survival of underplanted baldcypress seedlings in three logged areas used in
Project Two of the baldcypress planting study.
Area/Plot 1 mo 2 mo 3 mo 12 mo 24 mo
Melodia
1 100 100 100 98 98
2 100 100 100 100 100
3 100 100 100 92 92
4 100 100 100 78 74
5 100 0 0 0 0
6 100 0 0 0 0
AREA MEAN 100 67 67 61 61
Lac des Allemands
1 5 0 0 0 0
2 4 0 0 0 0
3 0 0 0 0 0
4 0 0 0 0 0
5 1 0 0 0 0
6 8 0 0 0 0
AREA MEAN 3 0 0 0 0
Louisiana Land
1 76 38 0 0 0
2 40 40 0 0 0
3 100 20 0 0 0
4 38 1 0 0 0
5 18 2 0 0 0
6 20 0 0 0 0
AREA MEAN 49 17 0 0 0
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TABLE 16. Seedling characteristics and growth of baldcypress seedlings underplanted in logged













1 50 8.2 56.9 39 .7 46.8
2 50 9.9 66.2 24.4 31.1
3 50 8.9 62.8 30 .4 29.3
4 50 8.9 62.4 31.2 37.6
5 50 9.8 66.1 - -
6 50 10.0 67.0 — —
AREA MEAN 9.3 63.5 31 .4 36.2
Lac des Allemands 
1 100 10.5 72.2
2 100 9.8 61.6 - -
3 100 10.0 68.8 - -
4 100 10.3 70.2 - -
5 100 9.1 64.1 - -
6 100 8.4 60.4 — —
AREA MEAN 9.6 67.2 - -
Louisiana Land 
1 100 10.3 68.3
2 100 10.0 69.9 - -
3 50 11.6 75.0 - -
4 50 10.6 69.2 - -
5 50 10.2 69 .6 - -
6 50 9.4 70.8 — —
AREA MEAN 10.3 70.1 - -
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TABLE 17. Seedling characteristics and growth of baldcypress seedlings underplanted in an 
unlogged swamp area of the Verret Basin, Louisiana.
Initial Initial _ ...1985 1986
Area dia. (mm) ht. (cm) % survival ht. (cm) % survival ht. (cm)
Dry 6.3 45 94 59.6 91 69.6
Semi-flooded 6.2 45 91 63.5 64 78.7  ■
Flooded 6.8 52“ 88 82 .8“ 70 106.1“
“ Significant at 99% level.
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area was significantly greater (p=0.01) than in the other two areas and remained so for the two 
years of study.
Survival of the seedlings planted in September was variable, but little nutria damage was 
observed. In the dry area, survival was 84% both inside and outside the fence, but the average 
height at the end of 1986 was 20 cm less outside the fence. This difference was due to deer 
browsing the outside seedlings. Deer have been identified as a problem with baldcypress 
seedlings planted in other areas (Faulkner 1985). In the semi-flooded are, survival was 88%  
inside the fence and 68% outside the fence. The average height of the seedlings in the semi­
flooded area was 86 cm and 72 cm for inside and outside the fence, respectively. The lowest 
survival rate was observed in the flooded area (52% inside, 72% outside), but mortality was not 
due to animal predation. In October 1985 Hurricane Juan blew a tree down onto the fence in the 
flooded area, and nutria were able to get into the fenced area. They immediately moved in and 
cleaned the area of herbaceous plants and built two mounds in the plot. However, after one year 
they had only destroyed two of the planted seedlings. Thus, there may be some relationship 
between planting time and size and the survival of the seedlings.
Even though the chickenwire fences provided excellent protection from nutria, the cost of 
this type of operation would probably be prohibitive to landowners. Individual chickenwire 
seedling tubes have been experimented with in Louisiana, but they were found to be difficult to 
make and install and survival was poor (Allan Ensminger, Wetlands and Wildlife Management Co.,
Belle Chasse, LA; pers. comm.). The best survival has been achieved with the use of 25-cm- 
diameter guards approximately 60 cm tall made of 5 cm X 10 cm heavy wire. The guards are made 
so that the 10-cm long bottom wires can be oushed into the ground. Survival has been excellent 
where these cages have been used (Rudy Sparks, Williams, Inc., pers. comm.) The cages are 
expensive (exact costs not given) but, considering the alternatives, may represent a viable means 
of planting cypress seedlings in areas with nutria.
Planting later in the year may also offer some increase in survival of seedlings. This is 
probably related to the availability of food for nutria. During winter, herbaceous plants that nutria
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
feed upon die and by early spring food supplies are limited. Seedlings planted during this time 
are an available and preferred food source. During the summer, herbaceous plants and aquatic 
plants are abundant and planted seedlings may be less preferable. Therefore, if seedlings are 
planted in early to late fall they may be less susceptible to nutria than when planted in the winter or 
early spring. Fall planting of baldcypress seedlings should receive further research.
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CHAPTER 6
ARTIFICIAL REGENERATION OF BALDCYPRESS 
IN CRAWFISH PONDS
"We have long undervalued wetlands. Swamps, marshes 
and bogs have been for us wastelands, too often altered 
to provide what we considered to be a higher use. Too 
late we are realizing that these areas provide us with 
nursery grounds for important fishery resources and 
habitat for waterfowl and other wildlife, provide flood and 
hurricane protection, abate pollution, and carry out many 
other complex functions."
- Senator John Breaux 
Louisiana, 1987
INTRODUCTION
Natural regeneration of baldcypress in swamps depends upon good seedfall and 
germination followed by freedom from prolonged flooding during the growing season (see 
Chapter 4, Putnam et al. 1960). However, due to the extensive hydrological changes that have 
occurred in the swamps of Louisiana, long-term flooding is common (Conner et al. 1981) and 
natural regeneration is poor (Conner et al. 1986a). Therefore, planting of baldcypress seedlings 
may be required to establish new forests.
Successful planting of baldcypress depends upon the use of seedlings tall enough to be 
above floodwaters that occur during the growing season (Bull 1949), the availability of adequate 
light (Williston et al. 1980), and the absence of herbivores (Conner and Toliver 1987). Putnam 
(1951) suggests that freedom from fire is also important, but in Louisiana swamps where flooding 
problems exist, fire is probably a rare event.
The success of planting baldcypress in its natural environment in Louisiana has been variable 
(see Chapter 5 and Blair and Langlinais 1960, Rathborne 1951, Peters and Holcombe 1951,
76
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Brown and Montz 1986), although at one time baldcypress was the fourth most widely planted 
species in the northern part of the state (Foil and Merrifield 1966, Table 18).
One particularly interesting area in south Louisiana for planting baldcypress is in ponds 
operated for crawfish production. There are approximately 54,700 ha of crawfish ponds in the 
state and the acreage has been increasing every year (Larry de la Bretonne, Louisiana 
Cooperative Extension Service, Baton Rouge, pers. comm.). St. Martin Land Company of 
Henderson is one company interested in managing its land for crawfish, timber, and wildlife. 
Therefore, this study was designed to look at the possibility of planting baldcypress during the 
various stages of pond construction and operation.
METHODS
The crawfish pond (Fig. 19) was cleared by the landowner during the summer of 1982, and all 
of the trees other than baldcypress were sheared, windrowed and burned. The pond was dry 
from the time it was cleared until crawfish farming started in October 1984 except for a three week 
period in mid-May when it was flooded to stock the pond with crawfish. The pond remained 
flooded until June 1984, and was not flooded again until crawfish season began in October 1984.
Four planting times were chosen for evaluation in this study -- February 1983, July 1983, 
February 1984, and July 1984. February 1983 and both July plantings were conducted while the 
pond was dry. The February 1984 planting was conducted while the pond was still flooded. One- 
year-old baldcypress seedlings from the Louisiana Office of Forestry and the LSU School of 
Forestry, Wildlife, and Fisheries were planted by St. Martin Land Company personnel. The 
seedlings planted in July 1984 were from the same group of seedlings planted in February 1984 
and had been stored in coolers until planting time. The first July planting was comprised of 
seedlings stored in coolers at the site and at LSU, seedlings stored in tubs of water, and 
containerized seedlings grown at LSU. The number of seedlings planted at each time varied 
depending upon the spacing used by the company (Table 19).
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TABLE 18. Plantings of baldcypress in Louisiana through 1963-64 (data from Foil and Merrifield 
1966).
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FIGURE 19. General map of the Henderson crawfish pond with the location 
of the plots planted at different times with baldcypress seedlings.

















TABLE 19. Growth and survival of baldcypress seedlings planted in a crawfish pond at Henderson, Louisiana, during 1983-84. All height 










%  survival Avg. ht % survival Avg. ht %  survival Avg. ht
Feb. 1983 No water 1,667 75 98 113 98 164 97 207
July 1983 No water 1,134 78 78 88 61 111 34 148
Feb. 1984 Flooded 1,040 72 - 65 85 61 132
July 1984 No water 394 84 - 61 86 51 120
OO
O
The pond was divided into 0.4-ha plots with boundaries running north-south (Fig. 19). Posts 
with signs labelled with the plot numbers were placed at the corner of each plot to facilitate finding 
the areas. Within each 0.4-ha plot, 100 seedlings were tagged and measured for initial height 
within one month of planting. Height was measured at the end of each growing season through 
1985. Survival rates were determined by periodic counts of all of the seedlings planted. Two to 
three years of data exist for the seedlings depending upon the year in which they were planted.
RESULTS
Due to the numerous complicating factors of differences in numbers planted, survival rates, 
planting times, and seedling storage methods before planting, strict analyses of variance among 
groups failed to show any differences. Therefore, the results will be discussed in more general 
terms in this section.
A total of 4,235 baldcypress seedlings were planted in the crawfish pond during 1983-84. 
The average initial heights of the seedlings were 75 (±10), 78 (±15), 72 (±32), and 84 (±11) cm for 
the February 1983, July 1983, February 1984, and July 1984 plantings, respectively (Table 19). 
The high variability in the February 1984 seedling heights was due to the fact that the seedlings 
were girdled by crawfish immediately after planting and before the initial measurement was taken. 
The seedlings sprouted below the damaged part of the stem, and the initial height was made to 
the top of the new living stem.
Survival rates varied from planting to planting, with the seedlings planted in the summer 
months generally exhibiting the poorest survival (Table 19). Survival of the seedlings planted in 
February 1984 was low also as the result of the crawfish girdling damage. Algae growing on the 
seedling from the water surface to a depth of approximately 5 cm (Faulkner 1985) was scraped off 
by the crawfish. In scraping the algae off the seedling stem, the bark was also removed, either 
partially or wholly girdling the seedlings. The smaller seedlings were more susceptible to damage 
(91% of the July 1983 and 73% of the February 1984 planted seedlings). The February 1983
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seedlings that had already experienced one growing season had little damage (24% of the stems 
girdled).
The average height of the July plantings and the February 1984 seedlings was similar 
throughout the study (Fig. 20a). The February 1983 seedlings, however, grew best, reaching 
over 200 cm by the end of 1985. Seedlings planted in the same year exhibited growth rates that 
paralleled each other during the first and second growing season. The July planted seedlings 
always grew less than the February planted seedlings. During the third growing season for the 
1983 planted seedlings the July planted seedlings grew nearly as well as the February planted 
seedlings (Fig. 20b). This divergence from parallelism caused problems in trying to statistically 
describe the differences in the plantings (James Geeghan, LSU Department of Statistics, Baton 
Rouge, pers. comm.).
In an attempt to better understand what was going on in the 1983 plantings, the seedlings 
were grouped into 10 cm height classes based on their heights at the end of the second growing 
season (Fig. 21). Even though the July 1983 seedlings were slighly taller than the February 1983 
seedlings when planted (78 cm vs. 75 cm, non-significant at the 99% level), they were smaller 
than the February 1983 planting after two years. The largest increases in height growth occurred 
on the largest seedlings (Table 20), but there were very few of these larger seedlings. In all but 
one height class (165 cm) where the populations overlap, the February 1983 planted seedlings 
were still growing better than the July 1983 planted seedlings (significant at the 99% level) at the 
end of the project, even though their growth rate was less than the first two years.
From February 1983 to July 1983, the seedlings were divided and stored four different 
ways. Survival was poorest for the tub-stored seedlings (Table 21) and best for the containerized 
seedlings (14% vs. 59%). Average height growth for the July 1984 seedlings was poor the first 
year, with the cold-stored seedlings performing best. During the second and third growing 
seasons, the seedlings that survived began to grow fairly uniformly. There was no significant 
difference (P=0.01) in growth rates among the four July plantings by the third year.
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FIGURE 20. Average height (A) and height growth (B) by year for the 1983-84 planted 
baldcypress seedlings.
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FIGURE 21. Number of seedlings by height class after two years of growth for the 1983 baldcypress 
planting.

















TABLE 20. Number of seedlings and height growth by height class for baldcypress seedlings planted in 1983 in a crawfish pond at Henderson, 
Louisiana.
Heiaht Class (cm)
55 65 75 85 95 105 115 125 135 145 155 165 175 185 195 205 215 225 235
Number of seedlinas 
February 0 0 0 0 3 20 41 3 6 41 54 77 93 123 98 75 47 16 4 1
July 2 6 11 18 27 17 25 10 12 10 2 3 0 1 0 0 0 0 0
Averaae heiaht arowth (cm) 
February 40 47 42 41 35 44 39 42 41 42 48 48 55 58 69




TABLE 21. Growth and survival of seedlings stored by different means and planted in a crawfish 
pond near Henderson, Louisiana, in July 1983. Seedlings were stored from February to July.
Storage
Treatment #  Planted
% Survival Heiaht Growth (cm)
1983 1984 1985 1983 '1984 1985
Cold-stored (on site) 341 78 75 38 10 24 35
Tub-stored (LSU) 291 59 37 14 5 25 35
Cold-stored (LSU) 287 85 55 32 9 10 35
Containerized 215 96 77 59 6 16 40
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DISCUSSION
Baldcypress seedlings can be planted in areas where water levels are managed for crawfish 
ponds. The best time to plant seems to be when the pond is first constructed and before the 
pond is flooded for crawfish production. This allows the seedlings time to firmly establish 
themselves before flooding occurs. By having one growing season before the pond is flooded, 
the seedlings grow large enough to be less susceptible to girdling damage. Seedlings planted in 
the spring while the pond is flooded face possible damage from girdling. If the girdling damage 
does not occur, the seedlings should grow (Chapter 5). The seedlings that survived the girdling 
grew well after a slow start.
Seedlings planted during the summer after the pond is drained have to survive the heat of 
the summer and low water conditions. Available soil moisture is reduced as summer progresses, 
placing the seedling under increasing soil moisture stress (Faulkner 1985). If the stress is severe 
enough, growth ceases and the seedlings may die (Basset 1964).
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CHAPTER 7
RISING WATER LEVELS IN COASTAL LOUISIANA: 
IMPLICATIONS FOR TWO COASTAL 
FORESTED WETLAND AREAS
"Hope and the future for me are not in the lawns and 
cultivated fields, not in towns and cities, but in the 
impervious and quaking swamps."
- Henry David Thoreau 
Walking, 1862
INTRODUCTION
In recent papers, the impacts of sea-level rise on coastal marshes has been detailed 
(Baumann et al. 1984, Boesch 1982, Hackney and Cleary 1987, Salinas et al. 1986, Stevenson et 
al. 1986, Orson et al. 1985, Kana et al. 1986). Very little attention, however, has been placed on 
the impact rising water levels might have on the more inland coastal forests. Clark (1986) studied 
tide gauge records of sea level rise in New York and discussed the importance of the influence of 
rising sea level on long-term change in the forest population. Sea level rise in the New York 
coastal forest has averaged 3 mm/year since 1930 (Clark 1986). In Louisiana, water levels are 
rising rapidly, and it has been suggested that this will affect tree seedling survival (Conner et al. 
1986b, Salinas et al. 1986). Because of the lack of data in coastal forests, this chapter is designed 
to determine the historical trend (1956-1986) in flooding patterns in two Louisiana forested 
coastal watersheds.
8 8




The Barataria Basin and Lake Verret Basin located in south central Louisiana (Fig. 7) contain 
extensive freshwater wetland forests. There are approximately 78,000 ha of seasonally flooded 
forests and wooded swamps in the Barataria Basin and 112,500 ha in Verret Basin. Both 
watersheds were once overflow basins of the Mississippi and Atchafalaya Rivers. Since the 
construction of the flood protection levees along these rivers in the 1920-1940's, the only source 
of freshwater is rainfall (Conner and Day 1976, Conner et al. 1986b). When these areas received 
riverine input, sediment deposition served to offset apparent water level rise due to land 
subsidence. With the cessation of sediment input, regional subsidence is leading to increased 
flooding of these areas.
The study plot in the Barataria Basin is a deepwater cypress-tupeto forest. The study plots in 
the Verret Basin are a bottomland hardwood forest growing on a natural ridge and a baldcypress- 
water tupelo forest growing in a low area adjacent to the ridge. The major tree species growing in 
the Verret bottomland area are Nuttall o a k , water oak, sweetgum, and sugarberry.
FOREST WATER LEVELS
Within each watershed, studies have been conducted on a variety of ecological parameters 
(Conner and Day 1976, Conner et al. 1981, Sklar 1983, Hopkinson 1978, Conner et al. 1986a 
and b, Slater 1986). One of the routine measurements made in many of these studies was water 
level over the forest floor. Water levels were determined by taking 20-30 water level 
measurements within the study plots during a sampling trip and then averaging these values to 
obtain mean depth of flooding. This average water level was compared to a nearby U.S. Army 
Corps of Engineer (USACOE) gauge for each trip made during 1978 in the Barataria Basin, and 
1984 in the Verret Basin, and regression equations were formulated to estimate the depth of 
flooding for any gauge reading during the base years of 1978 and 1984.
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APPARENT WATER LEVEL RISE
Daily water level readings from the Bayou Chevreuil (Barataria Basin) and Attakapas (Verret 
Basin) USACOE water gauges for 1956 through 1986 were used to calculate average yearly water 
levels. These values were plotted and the slope of the regression line reflects apparent water 
level rise (AWLR) (Baumann 1980).
SEDIMENTATION
In the Verret Basin ten randomly placed 0.25 m2 marker horizons (Baumann 1980, Baumann 
et al. 1984) were established in October 1984 while the area was dry by applying a 3-5 cm layer of 
feldspar clay over the forest floor of the bottomland hardwood ridge and baldcypress-water tupelo 
area. In June 1985, after flood waters had receded from the study area, the plots were sampled 
with a coring device consisting of a sharpened core tube with an internal piston and an O-ring 
(Swenson 1982). Four samples were taken from each 0.25 m2 plot for a total of 40 samples. The 
depth of the sediment over the feldspar layer was measured to the nearest mm and then 
averaged to obtain one number for sedimentation.
For the Barataria Basin, sedimentation was based on several studies. Previous work by 
Baumann (unpublished data, LSU Center for Energy Studies, Baton Rouge) in the swamps of 
Barataria Basin and Hatton et al. (1982) in the freshwater marshes adjacent to the Barataria Basin 
swamp forests found sedimentation rates of 6 mm/yr and 6.5 mm/yr, respectively. For this project 
a sedimentation rate of 6 mm/yr was used as the sedimentation rate for the Barataria Basin swamp 
forests.
HISTORICAL TRENDS IN WATER LEVEL
The regression equations calculated from water gauge data versus forest flooding data were 
used to estimate the water gauge level at which the forest floor was dry. This value was compared 
to the daily record of gauge readings for the years 1978 and 1984 in Barataria Basin and Verret 
Basin, respectively, and the number of days the plots were flooded was determined. Since 
AWLR was greater than sedimentation in all areas, the gauge readings were adjusted each year by
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the vertical accretion deficits to determine flooding back to 1956. It was assumed that 
sedimentation and AWLR were constant through the time period of study.
RESULTS
FOREST WATER LEVELS AND AWLR
Water levels in Louisiana’s coastal forests follow a seasonal pattern of flooding and drying 
with the extent of flooding depending on the elevation of the site and seasonal water budget.
The Barataria Basin study area is very near sea level and it was flooded almost year round with a 
short dry period during late July-early August, a time when rainfall is low and evapotranspiration is 
high (Conner et al. 1986a). In the Verret Basin, the bottomland hardwood forest study site was 
approximately 20-30 cm higher than the surrounding swamp forest site. Flooding occurred during 
the winter and early spring, but for most of the growing season the forest floor on the ridge was 
dry during the 1984 measurements. The lower baldcypress-water tupelo zone was flooded for 
most of the year. Analysis of the forest water levels and water gauge data (Fig. 22) yielded 
regression equations with correlation coefficients of 0.78 and 0.56 for Barataria and Verret, 
respectively.
Water levels in both basins have increased through time (Fig. 23). This similarity is not 
surprising considering that both basins have undergone similar patterns of geologic 
development. Apparent water level rise was calculated to be 8.5 mm and 13.7 mm for the 
Barataria and Verret Basins, respectively.
SEDIMENTATION
From October 1984 to June 1985 sedimentation averaged 2.7 (±1.2) mm on the bottomland 
hardwood ridge in Verret basin as compared to 8.8 mm and 6 mm in the more flooded cypress- 
tupelo forests of Verret basin and Barataria basin, respectively. This difference is undoubtedly 
due to the frequency and height of flooding experienced by each basin. Flooding of varying 
duration occurs about ten times each year in teh Barataria and Verret Basins. This flooding is
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FIGURE 22. Relationship between forest flooding levels and U.S. Army Corps of Engineer 
water gauges at Bayou Chevreuil (Barataria Basin) and Attakapas (Verret Basin).
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FIGURE 23. Average yearly water level for U.S. Army Corps of Engineer gauges at Bayou 
Chevreuil (Barataria Basin) and Attakapas (Verret Basin). A regression line is given for 
each data set.
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important because it transports sediments into the forest areas. Since only the higher floods 
cover the bottomland ridges, much less sediment is imported and deposited there.
HISTORICAL TRENDS IN WATER LEVEL
A comparison of the AWLR and sedimentation rates clearly indicates that there is a net deficit 
of sediment being added to these areas. Vertical accretion deficits(AWLR - sedimentation) are 
2.5 mm/yr and 4.9 mm/yr in the swamps of Barataria Basin and Verret Basin, respectively, and 11 
mm/yr on the bottomland ridge in Verret Basin. Assuming that the AWLR and sedimentation rates 
have remained constant for the time period 1956-1986, then the days flooded per year are easily 
calculated (Fig. 24).
Both study areas have experienced significant increases in the total number of days flooded 
per year. The Verret Basin bottomland ridge did not experience any major flooding until the 
1970's, but since then has experienced a steady increase in the number of days flooded/year. 
Before 1970, the Verret plot was at an elevation to keep the forest floor from flooding. However, 
the lack of sedimentation in the area combined with AWLR has resulted in the ridge now being at 
an elevation where flooding occurs frequently.
In Barataria Basin, the swamps have always been flooded to some extent since the time of 
record (Fig. 24), but flooding has increased to where the forests are flooded almost year round. 
Even during dry periods such as 1981 and 1985-86, these forests were rarely free of standing 
water although the total days flooded decreased during those years. The history of flooding in 
the swamp of Verret basin is similar to the bottomland ridge site except that increased flooding is 
evident by the late 1960's. The high flood years 1973-75 on the Atchafalaya and Mississippi 
Rivers are evident more in the Verret basin because the area was affected by backwater flooding 
from the Atchafalaya River more than the Barataria basin was by Mississippi floodwaters.
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FIGURE 24. The number of days flooded per year in the Barataria and Verret forests.
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DISCUSSION
Apparent water level rise in coastal Louisiana is rapid, more so than in other coastal areas of 
the United States. For example, Stevenson et al. (1986) reported AWLR on the Atlantic coast 
was 3-4 mm/yr versus the 8-14 mm/yr observed in this study. As water levels continue to rise, the 
coastal forests will be subjected to more prolonged and deeper flooding. Even though many of 
the forest species growing in these areas are adapted to prolonged inundation (Kozlowski 1984), 
extended flooding during the growing season can cause mortality of these tree species (Hall et al. 
1946). Already many of the trees in these areas are showing evidence of severe stress (Conner 
and Day 1987, Conner et al. 1981, Conner et al. 1986b). Even baldcypress and water tupelo, two 
of the dominant species in Louisiana's coastal forests (Conner and Sasser 1985), slowly die when 
exposed to prolonged, deep flooding (Brown 1981, Harms et al. 1980, Penfound 1949, Eggler 
and Moore 1961).
Another important factor to be considered in these coastal forests is the recruitment of new 
individuals into the forest. Only buttonbush can germinate in standing water (DuBarry 1963). 
Other tree species, including baldcypress and water tupelo, must have dry periods for the seeds 
to germinate and establish. In many areas, this is not happening (Conner et al. 1986a) and as 
water levels continue to rise, coastal forested areas will eventually digress into scrub-shrub stands 
or open water.
As water levels rise, one would expect a migration of the forest up the elevation gradient as 
described by Clark (1986) in coastal New York forests. In many areas of Louisiana, however, 
coastal forests are confined by man-made obstacles like flood-protection levees, or cleared fields, 
or they occur on low ridges where the elevation gradient is truncated. Range extensions or shifts 
in forest areas as Clark (1986) suggested are not generally possible. Therefore, many of the 
coastal forests in Louisiana may be facing possible elimination or great reductions in area.
The possible consequences of sea level rise in forested areas need to be understood so 
that techniques can be developed for effective management of this resource for the future. 
Natural regeneration in these areas has been affected by rising water levels (Conner et al. 1986b)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
and planting is difficult because of predators (Conner and Toliver 1987). More work needs to be 
done on how to ensure adequate survival of planted seedlings. Direct manipulation of water 
levels is another option that should be considered. In the Mobile, Alabama, swamp forests, Scott 
Paper Company regulates water levels in cutover areas to let natural reproduction take place 
(Gilbert Sproler, Scott Paper Company, Mobile, AL, pers. comm.). In Louisiana, the numerous 
canals and spoil banks in existence in the coastal area could be used to pump out areas for one to 
two years to let natural regeneration occur. This is not a long-term solution, however, because of 
the trend in continued water level rise. The introduction of sediments from the Atchafalaya and 
Mississippi rivers should also be considered. Since the lack of sediment is the cause of the 
problem, sediment-laden waters should be directed through these forests once again.
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CHAPTER 8
USE OF THE FORFLO BOTTOMLAND HARDWOOD MODEL 
TO PREDICT THE FUTURE OF FORESTED WETLANDS IN 
THE BARATARIA AND VERRET BASINS
"As an organism, the formation arises, grows, matures, and dies... Furthermore, 
each climax formation is able to reproduce itself, repeating with essential fidelity 
the stages of its development."
Clements (1916)
INTRODUCTION
Even though there have been a number of ecological studies of forested wetlands (see 
Conner and Day 1982 for a review), an understanding of vegetation dynamics, especially in 
response to flooding, in wetland forests is still only rudimentary. It is known that mature 
baldcypress and water tupelo do well under flooded conditions (Dickson et al. 1972, Kennedy 
1970). However, increased flooding can sometimes have serious consequences even for the 
most flood-tolerant trees. In Florida, Harms et al. (1980) found that in water from 20 to 100 cm 
deep, 0-16% of the baldcypress trees died in seven years. In water over 120 cm deep, however, 
50% of the baldcypress died after four years. In Louisiana, a long-term study of baldcypress 
survival was conducted in Lake Chicot (Penfound 1949, Eggler and Moore 1961). After four 
years of flooding with water 60-300 cm deep, 97% of the baldcypress were still alive. Eighteen 
years after flooding, 50%  of the baldcypress were still alive although most of the living trees in the 
deep water had dead tops (Eggler and Moore 1961), but the numerous baldcypress trees still 
alive in the area indicate that baldcypress can survive for long periods in a permanently flooded 
situation. At Catahoula Lake in northwest Louisiana, Brown (1943) found baldcypress growing in 
waters with a seasonal variation in water level of greater than 7.5 m. From the available data on
98
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flooding and baldcypress growth and survival, it appears that baldcypress can adapt to shallow 
(<120 cm) permanent flooding, and even in deep water (>120 cm), death and decline is a gradual 
process (Harms et al. 1980, Eggler and Moore 1961, Hall et al. 1946, Klimas 1987).
Other bottomland hardwood tree species are less tolerant of flooding than baldcypress and 
water tupelo. Many factors such as age and size of the tree, soil type, depth of flooding, time of 
flooding, duration of flooding, and state of the floodwaters exert an influence on tree growth and 
survival (Hook and Scholtens 1978). The relative waterlogging tolerance ranking of the major tree 
species in the Lake Verret and Barataria Basins is summarized in Appendix 4.
The relative contributions of allogenic and autogenic factors involved in forest succession in 
coastal forests are generally not known. From the references reviewed above, there seems to be 
some idea of what happens when water levels are raised suddenly and for large increases in 
depth. However, the rate of change in vegetational communities caused by a gradual rise in water 
level as was documented in the preceding chapter is more difficult to determine. There is 
probably only a short delay in response of vegetational physiological functioning to increased 
flooding but a long delay in vegetational community composition change due to a gradual rise in 
water level. Because of the interaction of environmental factors in influencing forest biology and 
succession, the FORFLO bottomland forest succession model (Pearlstine et al. 1985, Brody and 




The FORFLO model (Pearlstine 1985) is a modification of an uplands deciduous forest 
simulator designed by Botkin et al. (1972 a and b) and further developed by Shugart and West 
(1977). FORFLO and its predecessors simulate the growth, reproduction, and composition in a 
mixed-species stand. The model contains a library of tree data (Table 2 2 ) which define how tree
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TABLE 22. Tree parameters* used in the FORFLO model (modified from Pearlstine 1985).
Species ITOL SND SMN SMX 12345 W FR1 FR2 GW1 GW2
Red maple 1 3 12 100 H I  II- 0.60 0 30 5 14
Water hickory 2 3 6 70 TFFTF 0.30 10 40 8 11
Sugarberry 2 2 6 30 FTFTF 0.60 5 25 4 7
Green ash 2 1 6 50 FFTFF 0.90 8 30 4 7
Pumpkin ash 2 1 6 50 FFFFF 0.30 8 40 5 10
Sweetgum 3 2 12 100 FTFTF 1.00 6 20 4 7
Baldcypress 2 0 0 0 FTFFF 0.15 30 50 3 14
Laurel oak 2 3 6 12 TFFTF 1.00 0 20 17 20
Overcup oak 2 1 6 12 FTFTF 0.60 5 40 17 20
Water oak 2 2 6 12 TTFTF 1.50 4 15 5 9
Blackwillow 3 3 6 30 TFFFT 0.50 0 20 7 11
Water tupelo 2 0 6 50 FTFFF 0.00 30 60 3 14
American elm 2 2 6 240 TTFTF 1.50 0 20 5 10
Honey locust 3 2 6 70 TTFFT 0.75 5 18 6 12
Persimmon 1 2 12 200 TTFTF 0.75 0 21 7 10
'Parameters:
ITOL = shade tolerance class (1, most - 3, least tolerant).
SND = tendency to reproduce vegetatively (0, least - 3, most).
SMN = minimum size (cm dbh) that will reproduce vegetatively.
SMX = maximum size (cm dbh) that will reproduce vegetatively.
12345 = reproductive switches (T, true or F, false).
Switch 1 is T  if the species prefers sandy soil.
Switch 2 is true if the species prefers clay soil.
Switches 1 and 2 are both T  if the species prefers loam.
Switches 1 and 2 are both false if there is no soil preference.
Switch 3 is T  if recruitment is reduced by a hot year.
Switch 4 is T  if the species is a preferred food erf deer or other small mammals.
Switch 5 is T  if the species cannot germinate when stand biomass is high.
W  = optimum depth to the water table (m).
FR1 » minimum annual flood duration tolerated by a species during germination.
FR2 = maximum annual flood duration tolerated by a species during germination.
GW1 = earliest half-month period during which a species will normally germinate (e.g., 1 = 
first half of January, 24 ■ last half of December).
GW2 -  latest half-month period during which a species will normally germinate.
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growth and reproduction respond to changes in site quality, flooding, and competition from other 
species.
FORFLO differs from earlier hardwood models primarily in the addition of moisture regime 
influences on species selection and detailed soil relationships. Site condition information 
includes soil type, temperature, water table data, and flooding regime. Flood duration, browsing, 
and soil variables reduce or enhance recruitment. A complete list of the parameters that have 
influence in the model are illustrated in Figure 25. Many of the parameters are entered into the 
model as means and standard deviations of long-term records. This allows the model to change 
site conditions to reflect year-to-year variability.
FORFLO simulates the growth of individual trees on a 0.08 ha plot. The tree species are 
either selected by the user or all of the species in the library are allowed to interact and compete 
for a place in the plot. Additional species can be added by inserting the appropriate data. The 
model tracks the species, diameter at breast height, and age of each tree on the simulated study 
plot from the time the tree enters the plot as a seedling or sprout until the tree dies.
Vegetation Data
A 0.1 -ha plot was established in each of the naturally flooded swamp forests of the Barataria 
and Verret Basins. Another 0.1 ha plot was established on a bottomland hardwood ridge in the 
Verret Basin. In the three plots, the trees and shrubs were recorded by species. The diameter at 
breast height (dbh) or above butt swell of the trees greater than 10 cm dbh was also recorded. 
Basal area (BA) and density of each species was calculated from the data (Table 23). Average dbh 
and standard deviation were also calculated. The average ages of the stands were estimated 
knowing that these areas were all intensively logged at the beginning of the twentieth century. 
The beginning and end of the growing season was taken as beginning in April and ending in 
September (Conner et al. 1981, 1986b).
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FIGURE 25. Bottomland hardwood forest processes modeled in FORFLO (adapted 
from Brody and Pendleton 1987).
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TABLE 23. Basal area (m2/ha) and density (number/ha) of trees in the three Louisiana swamp 
forest areas used for the FORFLO model runs.
Area
Species
Verret swarm  
BA Density




American elm 0.9 48
Baldcypress 3 8 .6  300 32.4 516 1.1 24
Red maple 1.6 48 0.4 12
Ash spp. 1.3 48 10.8 108
Oak spp. 12.1 84
Sugarberry 3.1 120
Sweetgum 2.6 84
Water tupelo 6.2  72 24.2 372
Water hickory 3.1 60
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Hvdroloaic Data
FORFLO breaks the year into 24 half-month periods. The average water stages (Fig. 26) for 
each area were calculated from U.S. Army Corps of Engineer daily gauge readings located near 
each plot. The average water table depth during the growing season was measured in PVC pipes 
installed in each plot. The 5 cm pipes were 1 m deep and perforated to allow waterflow into and 
out of the tubes. The pipes were surrounded by a 2.5 cm layer of pea gravel and capped on the 
lower end. A cap was placed on the top of the pipe to prevent rainwater accumulation in the 
pipes. Water depth above and below the forest floor were measured for one year (Fig. 27).
Other Site Data
Water level rise data (which includes true subsidence, effects of delta development, and true 
sea level rise) for the Verret Basin were obtained from the U.S. Army Corps of Engineers New 
Orleans Office (Michael Brody, U.S. Fish and Wildlife Service, Slidell, and Billy Garret, Chief of 
Hydraulics, USACOE, New Orleans Office, pers. comm.). Since the Barataria and Verret Basins 
are so similar in terms of geologic formation and apparent water level rise patterns (Chapter 7), 
both areas were assumed to have the same subsidence rates. The elevation of the plots was 
estimated both from field measurements and Soil Conservation Service soil maps combined with 
Soil Conservation Service elevation transects across the soil types. The basic soil types (sand, 
clay, or loam) were determined from Parish soil survey publications and by corings taken in the 
field during installation of the water table wells. Annual degree days (to a 5.5°C base) and 
standard deviation were determined from climatological data from the National Oceanographic and 
Atmospheric Administration.
Model Runs
FORFLO was run for each plot over a 50-year period in 10-year increments. Basal area 
values were calculated by the model for canopy (trees >25 cm dbh) and subcanopy (trees <25 cm 
dbh).
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FIGURE 26. Ten-year average water stage for the Barataia and Verret Basins as 
calculated from U.S. Army Corps of Engineers daily guages readings. Each time 
interval represents one-half of a  month.





















FIGURE 27. Average monthly water depths for three study plots in the Barataria and Verret Basins 
during March 1986 thru February 1987.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0 7
RESULTS AND DISCUSSION
In the Barataria and Verret baldcypress-water tupelo swamp forests, water levels are almost 
always above the forest floor (Figs. 24 and 27). In Chapter 7, it was found that water levels are 
rising in the Barataria and Verret Basins, mainly as a result of subsidence. The trend is for water 
levels to continue to rise until most of the forests in the Barataria and Verret Basins are 
continuously flooded.
In the two more flooded swamp study areas of the basins, tree diversity is low (Table 23), and 
baldcypress and water tupelo are the only species capable of surviving a flooded environment for 
any length of time (Hook 1984). Even though they are flood-tolerant, FORFLO predicted that the 
total BA of baldcypress and water tupelo in the study plots will decline with time (Fig. 28) and no 
new trees will enter the understory. Even with these short-term runs, one can see the general 
trend of decreasing BA through time. The ash trees are most susceptible to flooding in the 
swamp areas and succumb to flooding within 20 years. Growth rates for ash are already severely 
impacted by flooding in both basins (Conner et al. 1 9 8 1 ,1986b).
On the higher, drier ridges in the Verret Basin, rising water levels also pose a problem for 
most of the bottomland hardwood tree species. These areas were receiving sediment with each 
Atchafalaya flood before the Atchafalaya Protection Levees were built in the 1930's. Since the 
sediment source has been cut off, subsidence has exceeded accretion, and the bottomland 
ridges have begun to experience severe flooding problems (Fig. 24). The FORFLO model 
predicted that bottomland hardwood species in the Verret Basin ridge plot will be replaced by 
water tupelo and baldcypress (Fig. 26), indicating that conditions will become more favorable for 
their germination and survival with time. This ingrowth of baldcypress and water tupelo is 
especially evident in the subcanopy. From Year 20 to Year 50, both species increase dramatically 
in BA. Some water tupelo trees show up in the canopy at Year 50. These are subcanopy trees 
reaching canopy size.
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FIGURE 28. Basal area changes through time as predicted by FORFLO for the 
dominant tree species in the understory (left graphs)and overstory (right graphs) 
canopies of three swamp forest stands in the Barataria and Verret Basins.
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The ash trees in the Verret ridge plot are gone by Year 30. They survived longer on the ridge 
than in the swamp areas because of the higher elevation of the ridge. As the ridge sinks, flooding 
becomes more of a problem (see Chapter 7), and tree growth will respond to the increased 
waterlogging. Water hickory is the only bottomland species in the ridge plot that seems to be 
capable of surviving the increased flooding for great periods of time. However, continual flooding 
will lead to their death (Conner and Day 1988).
Rising water levels are altering succession in the forested wetlands of coastal Louisiana. 
Under natural conditions, floodwaters would continue to bring sediment-laden waters into these 
forested areas, and the swamp forests would be replaced by bottomland hardwood forests. Man, 
however, has altered the flooding regime in many of these forests, and they no longer receive the 
sediment they need to continue building surface elevation in the face of continuing subsidence. 
Based on the FORFLO model runs, it appears that the tree populations in the three study plots 
will decline over time.
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CHAPTER 9
BALDCYPRESS MANAGEMENT NEEDS IN 
LOUISIANA: CONCLUSIONS AND RECOMMENDATIONS
"Because He told in the Book how He created the earth, 
made it and looked at it and said it was all right, and then 
He made man. He made the earth first and peopled it 
with dumb creatures and then He created man to be His 
overseer on the earth and to hold suzerainty over the 
earth and the animals on it in His name, not to hold for 
himself and his descendants inviolable title forever, 
generation after generation, to the oblongs and squares 
of the earth but to hold the earth mutual and intact in the 
communal anonymity of brotherhood, and all the fee He 
asked was pity and humility and sufferance and 
endurance and the sweat of his face for bread."
- William Faulkner 
The Bear
THE RESOURCE
Louisiana contains the largest amount of baldcypress timber in the United States (Sternitzke 
1972). There are approximately 41 million m3 of baldcypress growing stock volume in Louisiana 
today (May and Bertelson 1986), and net annual growth exceeds annual removals, leading to a 
continual buildup of reserves of baldcypress. The majority of the baldcypress volume in Louisiana 
is located in the south central part of the state (Fig. 5).
There is an interest in harvesting baldcypress in the state. Masonite, Inc. opened a mill near 
Thibodaux in 1981. The mill has recently been sold and cutting has stopped while available 
reserves are milled and sold. Numerous hardwood mills continue to harvest some baldcypress 
yearly. There have been some suggestions that cypress may once again become a significant 
source of wood products (Sternitzke 1972; Williston et al. 1980). Because of the large reserves 
of baldcypress in Louisiana, there will probably be some harvesting going on at all times, with the
amount harvested fluctuating with demand and prices.
1 10
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PAST MANAGEMENT PRACTICES
During the initial logging of the virgin baldcypress swamps, very little attention was given 
to regeneration problems existing in the swamp forests. Many operations cut every baldcypress 
tree of possible value and left none for the future (Mattoon 1915).
Some people (Norgress 1947) considered the cleared swamp lands to be ready for their 
"true" function, agriculture. By 1956 when the last baldcypress logging operation closed there 
were those who thought that the baldcypress resource was gone forever because of 
reforestation and management problems.
There were some early attempts to plant baldcypress in the state. Rathborne Lumber 
Company (Rathborne 1951) and the Soil Conservation Service (Peters and Holcombe 1951) 
conducted extensive plantings in the early 1950's. Early reported survival rates were excellent, 
but no later reports concerning the growth and survival rates of these planted seedlings can be 
found. Brown and Montz (1986) reported that the Rathborne site was abandoned because of 
problems with animal browsing.
Another planting of baldcypress seedlings by the Soil Conservation Service in the late 
1950’s (Blair and Langlinais 1960) was destroyed by nutria. Planting of baldcypress was 
suspended, and very little work has been conducted on baldcypress planting until recently.
PRESENT MANAGEMENT
Whereas there are well-established methods for regeneration of bottomland hardwood 
forests (Kennedy and Johnson 1984, Johnson 1985), optimum silvicultural practices associated 
with baldcypress are limited (Toliver et al. 1986). Past management practices in swamp forests 
have been limited to commercial clearcutting or highgrading (Williston et al. 1980), resulting in 
numerous smaller and poorer quality trees left standing. Very few stands, if any, are properly 
managed (Toliver et al. 1986). McGarity (1977) suggested that clearcutting of mature stands and 
removal of culls without intermediate thinning was the best management technique for hard-to-
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access swamp sites. However, Toliver et al. (1986) indicated that crown thinning may be used to 
increase growth and quality of the larger, more valuable trees in a stand.
Natural regeneration (coppice or seedling) cannot be counted on to establish new stands of 
baldcypress (Conner et al. 1986). Planting baldcypress on flooded sites is one method of 
stocking areas where natural regeneration does not produce a commercial stand of timber (Krinard 
and Johnson 1987). However, successful planting techniques for baldcypress seedlings are still 
being developed. In addition, little information exists on the development of baldcypress 
plantings and the growth of individual trees.
Animal herbivory and flooding are the two biggest problems limiting successful regeneration 
attempts in Louisiana. Animal guards used in the northwest have not worked in the swamps of 
Louisiana (Conner and Toliver 1987). Survival of planted seedlings is variable (Chapter 5), and all 
of the factors controlling survival have not been defined. Seedlings have been successfully 
planted in areas where water level and animal populations are controlled (Chapter 6), but how 
does one control these factors in large swamp areas? Seedlings planted in the swamp that are not 
harmed by nutria can grow well (Chapter 5).
PROBLEMS TO BE CONSIDERED IN DEVELOPING 
MANAGEMENT SCHEMES
RISING WATER LEVELS AND FLOODING
Coastal areas of the United States are experiencing sea level rise with projections of water 
levels rising from 50 to 200 cm by the year 2100 (Hoffman et al. 1983). In Louisiana there is 
already a significant increase in water level, primarily due to subsidence (DeLaune et al. 1985). 
Most of coastal Louisiana is presently experiencing an apparent water level rise of about 1 
m/century (Salinas et al. 1986). Coastal forests are beginning to experience severe flooding 
problems, and the trend is for longer and deeper flooding to occur (Chapter 7).
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Compounding the rising water level problems is the fact that so much of coastal Louisiana's 
natural hydrology has been altered. Logging operations, oil and gas exploration and production, 
flood control, navigation, road construction, and agricultural practices have done much to alter 
overland flow patterns. Large areas of swamp forest are constantly flooded due to spoil banks 
associated with various activities that have occurred in the swamp (Conner et al. 1981).
Rising water levels and increased flooding are altering the successional patterns in the 
forested wetlands of the Barataria and Verret Basins. The U.S. Fish and Wildlife Service’s 
FORFLO model predicted that the bottomland hardwood forest study area in the Verret Basin will 
be replaced by more flood-tolerant species like baldcypress and water tupelo. Eventually, even 
the baldcypress and water tupelo will be eliminated as flooding increases. FORFLO has the 
potential to be a powerful management tool for predicting long-term changes in forested wetlands 
(Brody and Pendelton 1987). The model can be adapted to any area by the addition of 
appropriate site specific information. Once the proper data has been collected, forest managers 
can run the model to provide information on such activities as forest restoration or harvesting. The 
U.S. Fish and Wildlife Service is encouraging FORFLO's use as a management tool (Brody and 
Pendelton 1987).
In the southern United States, many of the remaining baldcypress forests lie along major 
rivers where discharges are controlled by upstream dams or other water control structures (Sharitz 
and Lee 1985). Managed discharges exceed river flood stages or the timing of major floods has 
been changed, resulting in degradation of the forested system (Brown et al. 1979). Major 
discharges during the growing season cause widespread mortality to seedlings, saplings, and 
undergrowth species (Sharitz and Lee 1985). Alterations in the timing and duration of flooding 
may affect seed availability and subsequent community regeneration in floodplain forests (Becky 
Sharitz, Savannah River Ecology Laboratory, Aiken, South Carolina, pers. comm.)
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NUTRIA AND OTHER ANIMALS
Nutria are firmly established in the coastal regions of the southern United States (Willner 
1982). Nutria cause damage to newly planted seedlings in Louisiana (Chapter 5). To date, no 
documented records of damage to baldcypress plantings by nutria exist for other areas although 
they have been reported to destroy marsh plantings (Frank Day, Old Dominion University, Norfolk, 
Virginia, pers. comm.). As nutria spread throughout the coastal plains of the southern United 
States, more and more problems are likely to be reported.
Deer and beaver also are known to damage baldcypress seedlings. Faulkner (1985) found 
that deer tend to browse on the smallest seedlings available, so size of the seedlings when 
planted is important. Recent plantings of baldcypress by personnel of the Tennessee Valley 
Authority (Bates et al. 1979) and the Savannah River Ecology Laboratory (Ken McLeod,
Savannah River Ecology Laboratory, Aiken, South Carolina, pers. comm.) have been reduced by 
beaver.
MANAGEMENT NEEDS FOR THE FUTURE
More research is needed to properly manage the stands of baldcypress that exist today. The 
limited studies on thinning (Toliver et al. 1986, McGarity 1977) need to be continued for long-term 
data and expanded to other areas to aid in developing management guidelines for the future. It is 
important that studies be started in several states to ensure an adequate data source from which 
to make recommendations. Growth and yield information is needed for evaluating management 
alternatives (Langdon et al. 1981).
Typical logging practices (ground skidding, flotation, and cable landing systems) are 
generally not suitable for logging in many swamps. There has been some interest in the use of 
helicopters as a logging alternative. Helicopter logging is expensive and not generally 
recommended (Priegel 1981, Jackson and Morris 1986). At least one company (Scott Paper Co., 
Mobile, AL) uses helicopters in their logging operations and is presently sponsoring a project to
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evaluate the effects of different logging methods on the environment (S.F. Mader, Hardwood 
Research Cooperative, North Carolina State University, Raleigh, NC, pers. comm.).
For the sustained yield of baldcypress timber, baldcypress seedlings will need to be planted 
to ensure adequate stocking after logging. Advance reproduction is generally sparse and seeds 
will not germinate in standing water (Johnson 1981). As more and more emphasis is placed on 
planting baldcypress, proper planting techniques and means of protecting planted seedlings 
need to be evaluated. For example, personnel of the Louisiana Geological Survey are planning to 
plant 10,000 baldcypress seedlings in western Louisiana during the spring of 1988 (Bill Good, 
Louisiana Geological Survey, Baton Rouge, Louisiana, pers. comm.). The nutria problem has 
aroused some concern as to the safety of the seedlings, and a poultry wire cage will be placed 
around every seedling. Whether or not this method works will be determined later.
Few long-term research projects have been conducted on baldcypress management in its 
natural environment. Planting recommendations developed in the early 1900's (Mattoon 1915) 
are still followed today in many cases (Williston et al. 1980). Faulkner et al. (1985) have 
recommended that baldcypress seedlings be greater than 1.0 m in height and 1.25 cm in 
diameter to reduce animal damage and ensure early survival and growth. These larger seedlings 
are important when planting in flooded areas. Modem silvicultural practices need to be developed 
to take into account today's flooding and animal herbivory problems.
At least one landowner has done some work with different methods of planting baldcypress. 
Williams, Inc., personnel have been planting baldcypress seedlings for various oil and gas 
companies as part of their mitigation procedures. Within a few months .nutria severely damaged 
most of the areas planted in 1987. To deter the nutria, wire guards constructed of 5 x 10 cm 
heavy wire (hogwire) were constructed. The guards were 25 cm in diameter and approximately 60 
cm tall. The guards were pushed down into the ground approximately 10 cm to keep nutria from 
pulling them up. No seedlings have been lost to nutria since the guards were installed (Rudy 
Sparks, Williams, Inc., Patterson, Louisiana, pers. Comm.). This method is expensive, but when 
the alternative is considered, the result is worth the expense. As more and more interest is placed
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on baldcypress in Louisiana and the rest of the United States, there will be a need to furnish 
landowners and managers with successful management practices. Some data exist on 
baldcypress management, but there is a definite need for more research to fully understand the 
techniques needed to properly manage this species in its natural environment.
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Appendix One
Scientific and common name of the plants mentioned in the text (after Little 1979 and 
Godfrey and Wooten 1981).
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Scientific name
1 3  1
Common name
Acer rubrum L. Red maple
Bumsliasp. Bumelia
Carva aquatica (Michaux. f.) Nutt. Water hickory
Celtis laevigata WilkJ. Sugarberry
Ceohalanthus occidentalis L. Buttonbush
Cornus drummondii C.A. Mever Roughleaf dogwood
Crataeaus s d . Hawthorn
Diosoyros vtrainiana L- Common persimmon
Forestiera acuminata (Michx.) Poir. Swamp-privet
Fraxinus caroliniana Mill. Carolina ash
Fraxinus cennsylvanica Marsh. Green ash
Fraxinus profunda (Bush) Bush Pumpkin ash
Gleditsia aauatica Marsh. Waterlocust
Ilex cassine L. Dahoon
Ilex decidua Walt. Possumhaw
Itea virginica L. Virginia-willow*
Liauidambar stvraciflua L. Sweetgum
Myrica cerifera L. Southern bayberry
Nyssa aquatica L. Water tupelo
Persea borbonia var. pubescens (Purshl Little Swampbay
Planera aquatica J.F. Gmel. Water-elm
Quercus laurifolia Michx. Laurel oak
Quercus nigra L. Water oak
Quercus nuttallii Palmer Nuttall oak
Sabal minor (Jacq.) Pers. Dwarf palmetto
Salix nigra Marsh. Black willow
Sapium sebifemm (L.) Roxb. Tallowtree
Rtvrax americanus Lam. American snowbell
Taxodium distichum (L.) Rich. Baldcypress
Taxodium distichum var. nutans (Ait.) Sweet Pondcypress
Ulmus americana L. American elm
*From Godfrey and Wooten (1981).
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Appendix Two
Amount of baldcypress cut (in board feet, Doyle log rule) by parish for those years in 
which records are available. Sources: Louisiana Department of Conservation (1934,1943) and 
Louisiana Forestry Commission (1956-1976).
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PARISH 1930 1931 1939 1940 1941 1942
Acadia 311,176 75,187 121.013 873,411 460,925 280,599
Allen 231,080 976,828 207,363 211,848 353,197 135,640
Ascension 155,164 24,333 844,872 829,273 1,106,676 528,163
Assumption 5,628,761 1,001,365 1,655,607 833,154 554,710 1,326,700
Avoyelles 6,120,092 3,136,024 627,924 662,980 433,918 269,465
Beauregard 6,483 296,485 69,200 90,108 380,955
Bienville 878,480 236,343 741,567 381,199 1,197,174 586,958
Bossier 54,782 853,050 79,058 108,960 139,410
Caddo 3,630 7,390 48,128 28,357 93,907 16,850
Calcasieu 269,768 36,497 973,017 454,174 333,706 174,603
Caldwell 99,959 1,018,146 388,928 663,302 100,164 157,338
Cameron
Catahoula 1,031,107 197,832 939,841 1,036,730 336,447 454,194
Claiborne 20,920 35,535 22,048 5,819 7,448
Concordia 5,824,860 819,820 4,660,809 4,892,875 1,972,465 1,956,345
DeSoto 358,136 22,323 352,840 1,332,389 29,075 15,356
E. Baton Rouge 359,329 404,583 441,196 85,687 159,982 178,444
E. Carroll 630,350 39,511 33,316 49,743 271 107,854
E. Felidana 60,890 53,492 19,691 11,626 11,244 4,366
Evangeline 752,838 101,860 411,623 141,461 27,534 141,996
Franklin 723,385 12,930 521,599 287,756 95,566 128,100
Grant 470,675 141,465 703,281 473,982 157,317 530,505
Iberia 759,758 536,547 799,785 367,302 347,983 793,020
Iberville 8,355,180 4,226,044 7,432,250 4,006,146 2,468,642 1,278,333
Jackson 13,872 47,096 198,149 127,201 116,601 100,801
Jefferson 274,207 41,248 183,262 581,113 537,156 173,120
Jeff. Davis 157,285 17,925 574,557 156,707 657,707 2,052,200
Lafayette 99,311 324,178 346,621 104,155
Lafourche 2,341,230 660,637 1,722,808 706,243 3,011,708 3,299,244
LaSalle 88,600 41,501 647,400 252,117 91,639 119,518
Lincoln 65,911 26,868 210,450 49,716 9,913 62,000
Livingston 1,407,143 1,170,679 2,564,377 991,142 1,437,651 1,407,650
Madison 847,810 1,171,074 1,882,133 1,837,342 2,911,666 2,748,741
Morehouse 33,485 21,106 2,050,969 595,073 121,819 133,977
Natchitoches 2,403,424 990,274 1,749,348 1,493,523 523,023 1,185,941
Orleans 157,290 87,056 169,435
Ouachita 751,153 96,081 1,679,713 1,055,880 666,324 486,496
Plaquemines 636,374 153,372
Pointe Coupee 4,713,822 723,710 1,044,326 302,069 397,567 204,670
Rapides 2,749,134 2,658,961 1,698,249 1,204,121 1,224,140 2,752,366
Red River 286,055 147,019 45,694 14,138 32,040 76,025
Richland 87,463 127,634 179,741 242,283 630,119 161,736
Sabine 206,985 86,248 403,320 327,988 626,412 652,064
St. Bernard 301,638 303,530 121,360 77,834 - 50,537
S t Charles 4,139,265 560,854 492,339 171,910 407,770 228,402
St. Helena 77,317 30,166 18,270
SL James 3,815,837 110,928 1,233,593 470,778 108,480 9,292
St. John 903,762 212,920 917,106 800,625 895,971 47,682
St. Landry 1,611,136 2,328,743 1,928,873 1,527,773 2,143,765 206,528
S t Martin 2,503,400 1,419,113 5,701,454 2,267,765 1,300,181 1,200,726
St Mary 211,058 84,878 1,874,170 342,944 363,307 335,150
S t Tammany 1,340,476 578,201 4,202,197 8,839,608 6,532,389 2,701,396
Tangipahoa 155,928 1,301,741 15,910,526 17,204,626 16,760,267 16,536,395
Tensas 4,077,163 2,184,132 647,007 480,067 264,666 505,072
Terrebonne 21,943,525 14,037,406 2,092,658 6,864,827 3,011,370 2,544,882
Union 125,727 76,657 1,475,117 859,377 625,582 637,946
Vermilion 480,008 140,607 19,473 60,870 110,741 102,255
Vemon 476,188 140,469 1,244,508 1,029,493 794,672 530,395
Washington 227,636 121,902 248,979 236,245 330,188
Webster 1,471,373 4,788 391,820 2,124 264,990 268,880
W. Baton Rouge 727 41,667 171,448 140,230 64,193 10,756
W. Carrol 761 1,030,868 55,770 14,215 90,046
W. Feliciana 814,966 453,370 1,167,571 743,664 795,297 793,742
Winn 1,396,320 814,932 915,643 182,936 250,576 208,693
TOTAL BD FT 96,244,967 46,110,590 81.707,943 70,567,796 58,821,258 52,814,296
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PARISH 1955 1956 19571 1959 1962 1963
Acadia 87,025 65,236 24,470 137,421 7,977 46,822
Allen 40,329 80,551 61,996 83,616 6,163 21,462
Ascension 53,670 39,400 44,225 58,888 66,821 461,882
Assumption 1,045,600 1,226,091 1,198,875 381,091 474,733 278,013
Avoyelles 829,893 1,194,242 529,697 340,177 530,155 711,840
Beauregard 334,024 36,067 5,361 11,318 27,014 8,134
Bienville 123,799 79,264 37,366 60,823 115,975 148,157
Bossier 86,483 42,720 3,747 158,521 52,327 44,365
Caddo 27,021 44,623 239,714 181,287 118,747
Calcasieu 137.960 70,272 22,915 10,241 6,644 664
Caldwell 19,373 40,010 81,256 245,314 424,640 316,659
Cameron 53,468
Catahoula 520,109 202,153 303,927 263,403 250,174 191,990
Claiborne 104,025 31,863 8,550 23,917 87,313
Concordia 332,485 708,078 495,538 1,186,354 1,046,133 1,275,056
DeSoto 218,530 69,132 39,449 74,853 12,367 30,812
E. Baton Rou 130,592 164,827 56,578 19,774 195,539 119,987
E. Carroll 156,544 69,750 496,084 79,025 8,941 12,053
E. Feliciana 1,678 2,680 13,208 82,096 622
Evangeline 14,254 73,261 78,278 72,731 147,869 28,556
Franklin 275,173 79,001 46,968 207,320 260,334 124,030
Grant 428,089 691,659 267,748 107,714 332,640 710,302
Iberia 9,948 35,086 3,046 160,049 85,628
Iberville 459,752 591,284 311,181 310,759 1,957,623 1,042,709
Jackson 13,937 34,990 15,821 6,376 88,069 29,858
Jefferson 18,594 36,259 36,000 654 5,431
Jeff. Davis 45,368 135,336 29,361 100,028 42,236 157,696
Lafayette 256,418 93,107
Lafourche 2,594,922 3,884,635 3,915,841 4,812,213 3,601,689 1,016,643
LaSalle 137,053 286,601 23,471 149,385 105,631 74,270
Lincoln 10,432 132,447 27,953 3,530 696 21,399
Livingston 591,497 617,374 763,739 500,217 585,520 527,463
Madson 1,495,204 923,088 187,101 434,835 43,915 228,202
Morehouse 360,002 388,093 273,910 371,765 84,150 149,748
Natchitoches 103,309 248,297 139,871 152,353 44,056 32,193
Orleans
Ouachita 240,505 374,633 315,623 190,392 200,145 382,238
Plaquemines 3,946 4,648 5,209 72,826
Pointe Coupe 1,074,444 703,832 397,899 520,632 45,274 217,940
Rapides 223,620 449,217 138,446 284,151 256,886 366,239
Red River 161,362 108,717 46,062 23,988 131,578 17,233
Richland 65,812 50,337 43,854 229,508 165,154 69,551
Sabine 51,456 80,187 76,713 271,891 483,774 499,063
St. Bernard
St Charles 451,226 127,351 117,802 28,396 23,721 57,213
St. Helena 15,432 8,173
SL James 76,461 63,372 176,573 541,428 29,793 1,763,073
St. John 2,114,316 84,972 221,779 67,264 121,946 178,416
St. Landry 278,950 275,288 106,929 321.518 413,271 383,082
SL Martin 136,267 427,399 576,737 733,907 293,587 107,449
SL Mary 271,449 195,575 28,340 94,359 1,999
SL Tammany 55,507 15,034 66.423 10,508 16,702
Tangipahoa 6,437,103 424,482 7,311 115,191 3,647 54,021
Tensas 1,210,880 756,306 327,496 176,611 501,702 522,107
Terrebonne 1,183,402 805,829 469,230 594,104 964,982 1,328,181
Union 466,001 616,757 262,092 590,360 320,860 331,165
Vermilion 40,358 13,935 3,665 814
Vernon 13,203 13,083 12,693 35,163 74,745 30,707
Washington 108,683 47,800 30,000 5,694 22,508 30,435
Webster 187,733 98,460 8,272 8,502 54,508
W.Baton Rou 100,761 366,641 24,785 82,119 28,835 17,930
W. Carrol 33,014 89,966 31,177 10,134 1,500
W. Felidana 702,345 530,816 250.368 256,737 400,496 756,273
Winn 34,038 54,751 19,313 28,385 16,249 159,865
TOTAL BD FI 26,504,590 19,437,387 13,356,059 15,953,8031 15,475,770 15,437,709
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PARISH 1964 1965 1966 1967 1968 1969
Acadia 16,412 36,470 7,807 6,381 8,907 24,222
Allen 6,695 44,893 9,796 10,171 2,428 48,186
Ascension 65,535 97,073 153,287 41,126 14,037 6,573
Assumption 172,409 204,337 102,803 309,682 63,398 12,448
Avoyelles 464,133 397,994 307,679 336,899 136,132 307,502
Beauregard 428 1,681 45,696 68,811 6,328
Bienville 203,959 206,924 14,958 39,981 380,684 7,904
Bossier 9,334 26,594 49,270 506
Caddo 68,128 1,420 13,012 5,521 6,461
Calcasieu 17,276 34,603 5,247 204,769 1,505
Caldwell 145,114 107,231 9,300 29,802 14,709 562,641
Cameron 6,168
Catahoula 462,295 415,046 515,833 723,627 159,583 124,545
Claiborne 21,633 1,781 383 10,439
Concorda 344,303 712,170 421,008 621,639 300,121 193,673
DeSoto 51,403 155,441 154,089 80,679 8,691 532,016
E. Baton Rou 8,178 6,724 49,201 30,131 7,884 37,826
E. Carroll 32,384 77,668 11,978 18,869 40,697 57,440
E. Feliciana 10,178 184,193 31,835 32,522 4,402 4,896
Evangeline 59,097 13,594 343,416 4,685 15.962 373,294
Franklin 209,793 101,979 395,873 364,345 89,833 156,344
Grant 801,414 1,249,114 49,170 199,403 56,302 495,794
Iberia 3,771 19,970 25,177 5,581 11,274 105
Iberville 341,233 660,952 224,266 425,342 313,344 382,403
Jackson 32,966 58,288 17,607 10,937 510
Jefferson
Jeff. Davis 30,201 20,570 40,426 44,910 25,370 57,779
Lafayette 5,692
Lafourche 1,190,802 204,575 497,499 66,566 9,754
LaSalle 61,779 144,323 35,655 65,173 82,550 38,870
Lincoln 1,813 17,086 90,609 17,456 64,507
Livingston 420,396 287,632 282,103 279,393 84,790 360,258
Madson 74,689 155,210 196,761 86,781 246,341 371,502
Morehouse 185,888 160,036 77,692 58,700 10,823 296
Natchitoches 6,593 27,881 22,045 71,498 6,387 116,798
Orleans 6,054
Ouachita 226,189 180,015 243,187 116,227 34,947 166,517
Plaquemines 24,737
Pointe Coupe 234,201 189,166 354,665 459,400 69,365 123,548
Rapides 471,268 258,878 272,187 512,972 669,892 328,169
Red River 41,534 28,007 16,718 15,958 23,205
Richland 22,973 37,169 70,463 212,845 26,228 78,146
Sabine 722,483 411,401 300,631 110,336 2,720 71,601
St. Bernard
St. Charles 59,611 52,812 36,370
St. Helena 4,614 176 7,308 1,848
SL James 76,428 401,825 1,915 189,036 184,730 195,562
St. John 90,790 473,628 882,689 43,390 632,718 502,885
St. Landry 168,956 251,272 600,199 158,975 751,026 375,856
SL Martin 204,421 141,666 513,637 197,770 359,410 268,046
St Mary 25,415 21,827
SL Tammany 19,292 8,110 26,487 104,033 10,703
Tangipahoa 83,971 126,505 33,371 170,330 296,638 164,833
Tensas 190,278 305,078 423,283 511,116 564,829 245,877
Terrebonne 516,126 139,828 521,936 510,380 197,235
Union 188,093 343,912 292,783 137,818 128,689 399,689
Vermilion 17,373 56,927 10,005 46,943 7,886
Vernon 3,911 19,517 8,086 6,284 6,089 12,183
Washington 51,609 48,819 104,586 12,645 4,537 3,783
Webster 1,010 20,360 10,833 21,431 78,098 33,778
W. Baton Rou 14,145 31,392 115,838 100,965 95,956 56,860
W. Carrol 17,445 8,266 52,941 9,900 19,349
W. Feliciana 135,620 71,944 155,913 230,836 70,788 155,707
Winn 19,781 31,885 14,582 7,983
TOTAL BD R 9,046,872 9,461,998 8,579,971 8,218,726 6,820,200 7,835,638
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
PARISH 1970 1971 1972 1973 1974 1975
Acadia 11,095 4,613 13,045 2,572 21,324 11,067
Allen 39,312 6,418 2,992 3,391 6,671 3,777
Ascension 16,553 1,690 22,607 712 11,590
Assumption 136,852 409,924 7,081 460,476
Avoyelles 763,435 51,933 134,360 101,486 148,233 152,065
Beauregard 1,986 34,619 606 130 9,951 4,585
Bienville 12,411 3,387 18,628 577 117,984
Bossier 5,202 24,621
Caddo 88
Calcasieu 9,457 16,720 39,298 1,845 3,027
Caldwell 1,207 50,525 4,037 10,945 7,014 48,936
Cameron
Catahoula 122,431 144,393 53,259 66,914 62,895 52,631
Claiborne 4,313 187 25,734 11,840
Concordia 88,812 76,464 110,146 123,814 375,468 18,324
DeSoto 43,008 6,595 124,156 314
E. Baton Rou 8,032 13,103 6,270 27,347 835 3,879
E. Carroll 27,555 41,985 26,079 4,875 40,436 6,098
E. Feliciana 4,186 2,568 6,220 6,447 948 28,266
Evangeline 4,584 13,726 109,734 3,412 4,426 4,572
Franklin 87,319 108,712 46,352 60,076 55,369 33,011
Grant 43,210 14,533 119,765 200,045 284,801 60,330
Iberia
Iberville 420,890 333,775 461,508 339,163 669,696 353,142
Jackson 6,889 9,022 91,930 18,073 54,080
Jefferson 18,334
Jeff. Davis 8,290 44,584 4,373 9,350 10,022
Lafayette 45,284 17,679
Lafourche 656,277 628,924 711,679 106,354 319,159 367,614
LaSalle 25,167 14,265 132,365 54,997 31,510 208,835
Lincoln 39,575 33,260 31,633 2,027 64 10,141
Livingston 208,844 219,380 519,199 110,062 164,528 57,674
Madison 134,465 88,020 85,088 75,227 64,586 65,950
Morehouse 1,748 15,699 16,168 56,168
Natchitoches 321,798 20,516 9,677 14,169 15,742
Orleans
Ouachita 244,132 323,264 66,517 5,107 15,581 29,036
Plaquemines
Pointe Coupe 109,718 173,787 286,323 212,229 162,090 73,019
Rapides 293,169 486,246 517,278 525,070 726,472 143,793
Red River 7,569 1,139
Richland 145,263 112,161 61,558 41,428 32,010 24,178
Sabine 18,881 4,120 144
St. Bernard
SL Charles
St. Helena 179 2,106 1,466 21,316 4,746
St. James 6,553 852 285,091 23,222
St. John 100,762 113,397 52,367
St. Landry 451,672 228,824 392,677 48,223 610,399 328,725
St Martin 286,512 147,765 33,249 56,261 63,058 8,204
SL Mary 73,218
SL Tammany 7,250 1,691 1,702 16,881 1,606
Tangipahoa 118,194 188,876 950 2,689 5,101 7,884
Tensas 219,173 218,253 157,700 176,477 170,942 83,688
Terrebonne 575,654 16,718 34,425 632,691 787,074 184,862
Union 83,636 84,833 50,042 7,351 3,295 119,572
Vermilion 33,123 116,791 1,232 29,733
Vernon 27,633 7,785 12,428 225 . 22,715 196
Washington 680 641 9,942 98,908
Webster 4,340 600
W.Baton Rou 13,402 16,567 78,437 15,155 117,350 44,890
W. Carrol 121 127 10,997 14,670 13,644 286
W. Feliciana 649,327 386,631 183,320 24,246 10,568 64,592
Winn 2,767 1,688 10,284 95,532
TOTAL BD R 6,645,071 5,095,245 5,120,484 3,156,996 5,776,235 3,017,380
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Appendix Three
Monthly precipitation minus potential evapotranspiration values for Barataria Basin, Verret 
Basin, and New Orleans. Annual totals and growing season totals are also given.
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1 3 8
BARATARIA BASIN





1914 1.35 12.83 12.60 2.24 -4.24 -11.20 -3.40 3.86 -2.34 -4.24 12.27 9.78 29.51 -19.32
1915 17.40 16.46 4.90 -7.34 -5.38 -12.70 0.20 -2.41 4.04 20.02 -5.59 5.11 34.71 -3.57
1916 7.44 2.67 -1.80 2.36 8.31 -5.08 3.63 -5.41 -5.77 12.32 -0.94 12.95 30.68 10.36
1917 13.16 6.71 4.09 2.77 -5.92 -11.68 -2.74 3.35 -3.30 -2.54 -0.23 5.89 9.56 -20.06
1918 10.41 3.12 -0.58 11.71 -7.44 -6.78 -0.89 0.13 -3.07 12.73 7.52 21.46 48.32 6.39
1919 16.74 12.32 7.59 8.69 10.29 2.97 -0.66 -2.39 -3.78 1.88 22.23 1.35 77.23 17.00
1920 13.28 10.13 1.73 -1.19 -4.88 -1.37 3.73 2.74 1.75 -1.45 8.03 27.51 60.01 -0.67
1921 1.93 0.03 -2.31 4.09 -2.64 -2.49 -2.06 -4.27 -9.55 -1.73 2.72 5.46 -10.82 -18.65
1922 7.90 4.27 18.69 0.23 8.86 1.55 4.39 2.18 -3.78 1.83 4.50 21.59 72.21 15.26
1923 3.66 3.84 8.00 3.10 2.97 5.41 13.51 9.27 -2.51 0.13 20.22 7.09 74.69 31.88
1924 12.83 10.13 2.72 -1.45 2.72 -4.65 -13.67 -11.20 -10.13 -7.42 -2.84 13.06 -9.90 -45.80
1925 15.95 2.16 -0.84 -6.65 -1.12 3.05 7.87 -3.05 4.17 16.87 5.11 12.50 56.02 21.14
1926 20.681 4.34 35.51 15.34 3.28 -5.21 -7.75 24.28 -1.78 8.66 8.20 3.02 108.57 36.82
1927 -0.94| 5.66 21.13 6.65 -7.21 0.61 -3.38 -4.50 -4.37 5.84 6.88 13.16 39.53 -6.36
1928 1.98 15.93 3.23 11.58 -1.02 24.74 -4.83 -2.49 4.11 -4.85 1.50 12.55 62.43 27.24
1929 22.68 15.77 7.98 -3.33 7.24 2.06 11.40 -1.91 2.97 5.79 26.85 7.75 105.25 24.22
1930 20.70 4.01 7.49 -1.27 -8.20 -13.16 -1.83 3.25 13.89 5.13 15.70 6.35 52.06 -2.19
1931 10.52 7.59 10.41 0.15 -2.69 -6.68 2.29 2.36 -4.34 4.65 3.99 21.89 50.14 -4.26
1932 14.27 2.31 4.95 4.39 15.60 -5.23 0.53 5.56 4.06 15.93 7.98 14.43 84.78 40.84
1933 4.90 14.20 10.64 9.63 -6.71 -9.58 -0.23 -4.60 -11.13 -3.91 4.34 4.57 12.12 -26.53
1934 16.26 7.37 7.52 0.20 12.40 4.85 -4.11 6.76 -3.91 3.25 14.73 6.65 71.97 19.44
1935 3.66 11.10 9.86 13.56 -4.70 0.25 5.08 -2.77 -0.97 -7.49 0.81 17.09 45.48 2.96
1936 17.88 12.65 1.19 6.12 0.81 -15.82 2.08 -0.69 -3.91 -3.76 7.90 9.19 33.64 -15.17
1937 8.23 5.82 13.13 5.89 -3.96 6.27 -3.30 -1.85 -3.45 22.00 2.31 8.76 59.85 21.60
1938 11.79 4.65 -3.73 5.05 -6.55 -2.97 1.98 -3.48 -5.51 -2.03 3.18 9.98 12.36 -13.51
1939 3.73 9.86 -2.92 -1.70 12.14 -0.46 0.61 5.33 -2.13 -5.87 11.58 5.08 35.25 7.92
1940 9.55 27.81 6.65 19.41 8.89 15.57 0.25 14.81 0.91 -6.81 4.22 20.98 122.24 53.03
1941 6.99 7.14 11.07 -3.33 2.01 3.48 7.75 -9.65 6.45 2.06 4.17 6.88 45.02 8.77
1942 3.00 22.48 9.40 -2.06 0.94 9.60 3.71 2.92 14.48 7.62 -2.31 8.76 78.54 37.21
1943 4.06 1.17 21.16 -3.68 -5.46 -1.07 -5.33 -1.09 34.06 -4.45 4.01 9.50 52.88 12.98
1944 21.23 15.98 7.14 9.14 4.39 -12.47 4.80 -0.84 1.91 -3.07 27.48 6.12 81.81 3.86
1945 13.03 9.78 2.72 1.30 -2.29 -6.22 8.71 8.56 8.28 2.97 -0.41 12.17 58.60 21.31
1946 12.65 7.95 26.11 -0.18 21.89 16.54 -2.11 -5.46 9.17 -6.12 10.21 6.73 97.38 33.73
1947 16.10 2.97 21.59 8.20 -1.09 -3.43 -10.39 -0.38 -5.66 -6.05 29.26 19.13 70.25 -18.80
1948 12.60 1.98 26.01 -3.35 -7.52 -10.74 -4.11 -0.61 23.22 -4.72 27.31 11.35 71.42 -7.83
1949 1.57 1.40 24.77 13.46 -10.82 0.56 4.62 -1.50 4.37 0.20 -2.64 10.49 46.48 10.89
1950 1.60 8.79 8.71 16.87 -2.95 3.00 1.47 -8.08 -9.50 -5.33 0.51 17.60 32.69 -4.52
1951 9.73 3.48 14.07 8.00 -1.32 -9.32 -2.01 -5.79 5.13 -3.68 5.77 6.65 30.71 -8.99
1952 0.51 20.60 2.69 11.76 8.18 -11.33 2.21 -0.97 -1.17 -5.97 4.01 16.21 46.73 2.71
1953 2.67 13.79 6.71 5.46 -8.48 3.40 9.80 5.51 -9.58 -5.13 16.54 25.78 66.47 0.98
1954 8.89 -0.46 -0.79 -2.26 7.11 -8.61 12.34 -10.62 3.91 5.13 2.18 8.69 25.51 7.00
1955 13.97 7.90 -5.79 5.21 -2.54 -5.31 11.30 1.37 -2.13 -3.58 8.48 6.07 34.95 4.32
1956 3.89 16.64 5.21 0.99 -0.48 3.00 0.00 -7.09 11.28 -1.83 3.23 15.04 49.88 5.87
1957 -0.25 4.62 17.02 8.41 -1.98 6.96 -4.62 -2.57 12.17 2.36 9.47 6.88 58.47 20.73
1958 17.12 8.66 14.17 1.47 2.79 -3.35 6.71 3.51 9.68 -5.69 -1.12 2.95 56.90 15.12
1959 5.74 22.50 3.76 -0.03 25.20 2.01 14.91 1.37 -6.93 8.79 1.19 5.05 83.56 45.32
1960 9.78 12.50 3.45 5.44 -2.64 -11.43 -6.58 3.51 -5.49 3.05 -3.07 9.12 17.64 -14.14
1961 15.21 20.78 19.33 0.79 -3.45 3.89 3.63 5.92 11.94 -2.01 18.97 18.21 113.21 20.71
1962 11.86 -2.95 2.41 0.20 -13.34 0.08 -10.87 -1.91 -3.33 -2.97 0.03 9.80 -11.00 -32.14
1963 9.40 9.50 -2.72 -7.47 -3.73 1.40 -2.34 -7.09 2.24 -8.18 23.47 11.76 26.24 -25.17
1964 22.56 14.81 12.19 6.86 -6.15 -3.96 15.88 -5.74 -4.29 13.34 4.65 5.23 75.38 15.94
1965 8.86 11.76 1.32 -8.15 -4.04 -11.25 0.84 3.23 10.46 -4.93 -1.32 18.62 25.40 -13.84
1966 30.66 28.96 -0.48 6.45 10.85 -9.73 12.73 -2.26 1.45 2.36 -2.95 9.68 87.72 21.85
1967 10.97 15.01 0.10 -6.43 1.52 -6.07 3.28 7.37 2.92 1.93 -3.10 21.62 49.12 4.52
1968 1.88 7.98 3.38 0.13 0.86 -11.48 0.43 1.37 -4.78 -4.17 9.07 15.37 20.04 -17.64
1969 3.28 7.62 14.50 11.61 3.12 -12.67 -0.86 -5.64 -6.60 -5.08 -2.11 11.68 18.85 -16.12
1970 6.83 3.76 12.24 -7.01 4.83 -4.67 -4.09 0.03 4.42 9.04 0.38 5.36 31.12 2.55
1971 2.24 8.79 4.55 -4.29 -5.08 0.61 12.55 -5.51 21.01 -0.30 1.40 16.61 52.58 18.99
1972 15.37 13.61 10.31 4.52 3.91 -9.70 4.04 -5.21 0.94 1.40 16.15 17.81 73.15 -0.10
1973 8.48 8.20 19.46 21.16 -3.18 -8.61 -4.34 -5.82 19.91 -2.49 5.13 18.64 76.54 16.63
1974 15.16 4.78 14.10 2.21 1.83 -6.32 4.27 15.67 0.99 -5.64 17.65 39.70 104.40 13.01
1975 5.08 4.70 9.70 3.12 8.99 9.09 0.20 3.91 1.35 1.30 5.77 8.38 61.59 27.96
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 3 9
1976 4.39 8.69 6.22 -7.11 3.20 •4.88 -1.27 -7.57 -6.40 7.32 11.20 22.17 35.96 -16.71
19 77 12.83 4.52 4.01 5.79 -7.24 -10.13 -4.52 16.66 9.60 4.83 26.21 8.56 71.12 14.99
1978 28.91 6.53 5.05 0.99 6.12 1.32 2.49 2.39 1.22 -7.47 8.36 5.97 61.88 7.06
1979 11.81 28.96 2.34 15.65 4.22 -13.84 8.43 -6.78 -1.22 -3.81 8.05 5.05 58.86 2.65
1980 13.54 3.12 24.64 38.35 14.88 -8.79 -4.67 -10.77 5.92 6.96 8.18 2.01 93.37 41.88
1981 2.11 12.22 0.36 -8.33 3.02 3.12 -6.22 -2.34 -4.01 -2.62 -2.49 13.79 8.61 -17.38
1982 5.23 16.54 -0.13 6.12 -7.62 -2.87 2.41 5.00 -1.68 0.64 8.23 19.28 51.15 2.00
1983 12.12 23.24 9.63 18.03 -2.72 16.99 -11.10 3.28 5.16 1.17 6.45 15.27 97.52 30.81
1984 9.88 12.88 3.84 -4.29 -1.57 3.56 2.21 2.11 -6.55 1.63 0.79 2.62 27.11 -2.90
1985 14.53 14.88 8.20 -4.06 -7.01 -8.71 6.96 3.56 0.99 27.18 -4.27 11.68 63.93 18.91
1986 5.49 2.49 2.11 -2.82 -1.04 1.35 -4.88 -0.48 -5.92 4.27 10.65 13.23 24.65 -9.52
Average 10.16 9.79 8.13 3.74 0.64 -2.39 1.19 0.11 1.50 1.30 7.02 11.84 53.04 6.10
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1 4 0
VERRET BASIN





1939 2.69 8.59 -3.23 -1.02 9.70 -1.02 2.90 2.16 1.45 -5.74 9.96 3.58 30.02 8.43
1940 11.07 26.97 7.21 14.71 -9.98 20.24 2.74 14.22 3.61 -6.83 5.82 19.94 109.72 38.71
1941 7.42 7.16 13.64 -0.97 2.87 3.05 5.18 -8.41 2.77 2.62 3.23 6.86 45.42 7.11
1942 2.64 19.10 8.64 -0.08 0.69 15.37 5.56 0.97 15.32 7.85 -2.79 7.19 80.46 45.68
1943 4.95 3.43 20.78 -4.14 -5.99 -2.95 -9.04 -0.41 37.24 -4.06 4.01 7.98 51.80 10.65
1944 19.53 11.15 4.01 5.18 -0.43 -9.78 -5.03 1.07 4.37 -3.63 26.16 4.90 57.50 -8.25
1945 13.77 11.51 1.91 1.85 -2.67 -9.19 5.21 9.27 8.13 2.13 -0.89 11.15 52.18 14.73
1946 10.97 10.92 21.62 3.81 26.52 11.99 14.38 -5.33 13.16 -5.46 14.02 7.49 124.09 59.07
1947 15.93 4.88 17.45 4.06 1.04 -6.17 -8.31 2.67 -2.51 -7.19 29.16 20.75 71.76 -16.41
1948 10.72 3.99 24.05 -0.05 -9.47 -11.94 -5.00 -3.94 21.95 -3.56 25.88 12.17 64.80 -12.01
1949 0.20 9.35 21.23 13.13 -8.00 -4.22 2.72 -3.05 1.63 3.68 -3.00 5.77 39.44 5.89
1950 5.54 8.79 7.70 15.57 -1.30 5.61 3.91 -7.82 -8.86 -5.64 0.56 18.47 42.53 1.47
1951 11.10 4.62 14.15 5.41 -5.61 -6.50 6.76 -7.01 12.22 -3.81 4.72 6.15 42.20 1.46
1952 1.37 19.15 6.22 12.60 4.62 -11.23 1.63 0.10 0.66 -4.98 5.79 14.68 50.61 3.40
1953 5.46 12.09 1.04 6.30 -4.09 -0.76 8.81 0.69 -10.36 -5.03 15.57 26.90 56.62 -4.44
1954 6.78 1.12 0.05 -2.97 7.34 -10.29 12.32 -6.20 -0.97 8.20 3.61 8.18 27.17 7.43
1955 11.91 7.72 -6.07 7.70 -1.88 -8.05 11.35 4.50 -0.10 -5.00 6.48 7.29 35.85 8.52
1956 5.49 14.07 3.89 1.24 -0.28 2.21 -2.03 -14.99 6.02 -0.69 3.96 19.71 38.60 -8.52
1957 -0.74 3.91 14.43 7.59 -2.41 10.19 -4.90 -0.30 4.45 5.44 13.39 5.28 56.33 20.06
1958 13.61 7.34 12.50 -0.10 1.17 -2.72 7.39 2.29 8.00 -3.15 -1.12 3.45 48.66 12.88
1959 6.60 22.10 2.46 0.33 17.63 -13.21 12.75 -2.36 -3.07 10.64 3.02 7.67 64.56 22.71
1960 8.41 11.10 2.06 4.27 -3.02 -9.55 -7.37 10.52 -7.19 3.38 -3.15 10.74 20.20 -8.96
1961 15.01 20.04 9.53 -0.36 -1.70 12.34 3.66 1.80 10.62 -1.52 13.84 19.41 102.67 24.84
1962 12.29 -2.87 2.97 2.41 -11.86 2.44 -11.30 -10.08 -7.70 -2.03 0.23 9.75 -15.75 -38.12
1963 8.41 . 9.96 -3.99 -8.38 -6.05 11.43 -4.60 -7.34 0.86 -9.19 21.69 12.65 25.45 -23.27
1964 19.05 14.55 13.77 5.26 -4.93 -6.58 22.20 -4.60 -2.01 19.00 4.75 4.37 84.83 28.34
1965 9.27 14.81 3.02 -7.24 -2.72 -9.70 -0.15 3.48 9.17 -5.16 3.96 16.54 35.28 -12.32
1966 27.00 30.28 0.79 11.25 6.15 -10.03 5.61 3.73 0.15 3.63 -1.70 7.26 84.12 20.49
1967 9.68 12.17 0.81 -7.67 5.94 -5.61 -3.40 4.06 2.44 1.78 -2.77 21.03 38.46 -2.46
1968 1.60 8.00 3.40 2.74 -0.84 -4.72 -0.36 1.55 -2.84 -3.45 10.82 14.43 30.33 -7.92
1969 3.38 10.82 15.09 17.60 5.13 -11.00 3.35 -3.56 -7.85 -2.44 -0.20 10.06 40.38 1.23
1970 5.97 4.95 11.71 -6.17 1.88 0.05 0.05 0.53 7.87 8.56 0.84 6.68 42.92 12.77
1971 2.26 6.93 1.02 -4.62 -2.46 -1.52 5.84 -4.04 20.62 -1.07 1.04 18.90 42.90 12.75
1972 15.52 13.26 10.13 -4.85 4.24 -13.59 3.86 -3.38 0.36 2.57 16.05 17.83 62.00 -10.79
1973 7.77 6.10 17.88 24.89 -6.76 -11.07 -9.32 -1.02 27.86 -1.68 7.24 17.04 78.93 22.90
1974 9.88 2.77 10.57 3.78 0.38 -3.76 0.79 5.56 -1.91 -4.45 14.68 15.77 54.06 0.39
1975 7.72 0.89 8.69 2.79 16.43 11.05 16.92 15.75 0.61 -1.91 4.32 4.45 87.71 61.64
1976 3.94 5.72 5.05 -6.45 -0.30 6.43 -4.62 -11.63 -5.61 5.54 11.51 20.62 30.20 -16.64
1977 14.71 5.13 3.30 4.65 -7.67 -9.60 -4.29 13.16 13.74 4.67 23.67 9.65 71.12 14.66
1978 31.14 6.12 6.71 1.02 7.06 4.24 8.05 9.47 -7.19 -7.67 9.63 4.95 73.53 14.98
1979 13.41 29.41 0.99 18.54 9.60 -13.18 10.16 -2.39 -3.81 -4.34 6.15 5.00 69.54 14.58
1980 13.39 3.38 23.29 32.31 14.83 -11.33 -8.20 -10.26 1.47 4.80 8.94 1.96 74.58 23.62
1981 2.67 17.63 -0.10 -8.46 -6.60 1.09 -2.41 -8.23 -5.08 -1.22 -2.01 14.30 1.58 -30.S1
1982 5.59 13.06 2.26 6.07 -6.25 -4.09 6.53 4.90 -2.57 0.20 7.47 20.73 53.90 4.79
1983 15.37 18.16 11.28 19.81 -2.84 16.00 -10.72 8.61 7.01 0.48 6.93 14.00 104.09 38.35
1984 10.21 7.11 2.41 -5.44 0.25 4.42 3.94 0.03 -6.30 1.65 0.30 5.56 24.14 -1.45
1985 18.44 12.17 7.95 -3.91 -9.53 -12.19 4.90 6.12 6.58 25.10 -4.50 14.83 65.96 17.07
1986 6.93 3.23 1.65 -2.01 -5.56 3.89 -3.48 4.78 -4.22 2.44 12.95 14.68 35.28 -4.16
Average 9.71 10.48 7.62 3.79 0.26 -1.95 1.98 0.12 3.34 0.28 7.09 11.64 54.35 7.81
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NEW ORLEANS





1871 5.94 0.28 2.31 -1.27 0.48 1.94 -2.77 0.39 1.96 5.86 5.81 0.67 21.60 6.59
1872 4.56 3.99 7.64 1.45 -1.82 -0.98 -0.21 -3.64 -3.46 0.53 6.36 4.72 19.14 -8.13
1873 4.52 0.63 3.56 -0.85 14.08 0.36 -1.62 2.14 -2.04 -0.76 4.35 0.73 25.10 11.31
1874 0.87 2.64 5.10 11.03 -4.74 2.95 6.45 -2.02 -1.31 -3.23 -0.75 1.95 18.94 9.13
1875 7.63 13.07 8.68 5.46 -2.78 -1.40 -0.27 2.45 3.56 -0.56 4.65 3.57 44.06 6.46
1876 3.08 6.89 9.78 3.17 2.14 -0.12 -2.47 -2.06 -5.30 -2.41 3.02 9.31 25.03 -7.05
1877 4.49 -0.06 3.40 1.87 -2.77 -3.57 -0.79 -4.30 7.96 5.92 5.25 4.17 21.57 4.32
1878 4.82 2.72 1.85 -2.05 2.80 0.68 -0.99 -1.53 -2.61 1.84 6.45 8.16 22.14 -1.86
1879 1.53 1.35 -0.80 6.25 -0.68 -3.01 -0.16 4.28 -1.79 -1.87 1.92 1.58 8.60 3.02
1880 -0.87 3.31 4.19 3.32 1.24 0.11 4.38 -1.90 2.54 -0.77 4.97 5.66 26.18 8.92
1881 10.61 4.76 1.21 1.00 -2.46 -4.18 -0.23 -2.29 -1.09 0.72 5.64 5.30 18.99 -8.53
1882 2.92 2.47 -1.86 1.27 1.87 -3.61 0.36 3.31 -3.35 -1.66 0.11 3.48 5.31 -1.81
1883 9.55 0.02 3.16 10.64 0.45 5.73 -3.87 -2.72 -5.00 -0.69 4.49 2.15 23.91 4.54
1884 4.08 1.85 6.08 3.56 -0.98 2.63 -3.44 -5.29 -2.44 1.78 1.80 6.69 16.32 -4.18
1885 9.16 1.61 5.45 0.11 1.17 -3.72 -1.05 -2.25 8.30 -1.79 2.14 3.59 22.72 0.77
1886 7.26 1.18 6.87 3.01 -1.18 3.33 -1.05 -4.10 -0.85 -2.72 4.00 2.04 17.79 -3.56
1887 3.72 4.80 1.52 -1.05 -0.97 5.36 1.37 1.26 1.57 2.06 -1.08 6.77 25.33 9.60
1888 2.48 9.90 4.91 -1.67 5.15 3.47 -4.82 16.58 -0.18 4.73 0.17 2.89 43.61 23.26
1889 5.97 2.26 2.32 -0.64 -3.08 2.36 2.29 -0.57 1.15 -2.97 0.85 -1.18 8.76 -1.46
1890 -1.50 0.44 -0.40 -0.10 0.36 1.39 -0.25 -2.54 -2.09 2.30 -1.45 1.52 -2.32 -0.93
1891 2.94 5.84 1.13 -2.66 -3.84 -1.87 -1.91 -4.47 -1.51 -0.27 1.98 2.87 -1.77 -16.53
1892 5.33 -1.27 1.28 7.20 -1.98 -0.51 0.98 0.46 1.70 -1.09 1.95 2.16 16.21 6.76
1893 1.96 3.35 1.64 0.14 -2.65 -1.02 -3.48 -1.94 -1.18 1.30 4.91 0.99 4.02 -8.83
1894 0.68 10.28 3.78 1.15 -3.17 -0.43 5.39 1.16 -4.64 -2.34 0.01 0.95 12.82 -2.88
1895 6.65 3.66 1.96 -0.34 3.35 3.42 -0.77 0.29 -3.90 -1.73 -0.64 3.73 15.68 0.32
1896 1.79 1.74 3.44 1.28 -2.86 1.91 -4.28 -3.53 0.01 2.10 0.68 2.98 5.26 -5.37
1897 1.38 3.78 1.73 2.83 -4.71 -1.85 -2.50 -3.38 -2.37 -1.42 1.51 2.94 -2.06 -13.40
1898 0.36 5.16 -1.67 0.21 -4.94 -2.53 -2.27 0.08 8.34 -0.88 4.10 1.50 7.46 -1.99
1899 1.63 2.41 0.55 -1.03 -5.88 1.48 -1.39 -4.53 -4.59 -2.34 -1.70 2.00 -13.39 -18.28
1900 3.15 4.68 2.15 7.45 -2.05 -1.22 -0.40 -2.31 -2.11 0.27 -0.58 4.82 13.85 -0.37
1901 3.43 5.00 2.41 5.20 -3.88 -2.21 3.87 -0.70 -1.64 -0.56 1.45 4.33 16.70 0.08
1902 0.16 3.31 1.91 0.47 -4.46 -5.56 -2.96 -3.91 1.43 -0.52 1.51 5.30 -3.32 -15.51
1903 3.47 -0.02 12.45 -1.95 -3.49 -2.01 0.33 0.64 -1.62 -2.42 -1.15 3.18 7.41 -10.52
1904 3.04 0.22 1.65 -0.98 -0.29 -0.73 2.01 -0.67 -2.72 -2.33 0.30 1.58 1.08 -5.71
1905 5.77 4.80 5.33 2.65 -1.79 0.88 -2.91 -2.89 5.53 2.72 1.48 13.90 35.47 4.19
1906 1.76 1.73 3.99 -2.16 -4.26 -2.63 0.48 -1.96 1.84 -1.57 -1.11 2.04 -1.85 -10.26
1907 0.25 3.16 -1.10 10.26 10.14 -5.34 -2.73 -1.56 -0.25 -1.62 3.63 6.09 20.93 8.90
1908 3.69 3.36 0.19 -2.87 -0.54 -3.93 4.55 -0.85 5.76 -1.87 -1.18 0.47 6.78 0.25
1909 1.87 3.97 0.37 -2.34 0.05 3.49 -0.08 -0.83 -0.65 -1.14 1.45 2.66 8.82 -1.50
1910 1.87 3.97 0.37 -2.34 0.05 3.49 -0.08 -0.83 -0.65 -1.14 1.45 2.66 8.82 -1.50
1911 0.69 -0.48 3.35 10.20 -3.11 -0.79 1.92 1.65 -0.44 -1.83 2.75 7.08 20.99 7.60
1912 4.56 3.21 8.96 5.06 11.49 -1.51 0.54 -1.91 -2.03 -1.06 1.17 10.42 38.90 10.58
1913 4.36 1.41 2.99 1.98 2.98 -0.39 -1.47 -1.55 6.90 2.88 0.53 0.99 21.61 11.33
1914 -0.06 5.65 2.93 2.10 -4.77 -3.51 2.34 1.97 -0.20 -0.60 3.05 3.46 12.36 -2.67
1915 7.88 3.19 1.38 -3.20 -2.02 -1.41 0.35 0.72 5.27 8.25 0.15 4.01 24.57 7.96
1916 2.84 1.72 -1.52 -0.37 2.31 3.03 -0.06 -1.95 -2.43 5.28 -0.72 6.11 14.24 5.81
1917 2.77 1.88 0.56 1.19 -2.62 -3.55 1.51 0.42 -2.25 -1.64 -0.99 1.63 -1.09 -6.94
1918 4.16 0.38 -1.40 7.81 -2.52 -4.57 -5.17 -0.31 -0.12 6.95 2.86 7.40 15.47 2.07
1919 7.49 5.48 1.06 4.96 2.42 -1.82 0.78 0.54 -2.63 -1.08 5.15 -0.23 22.12 3.17
1920 4.58 2.56 1.74 4.60 -1.58 2.13 -0.64 -2.32 0.60 0.36 1.96 7.91 21.90 3.15
1921 -0.19 0.63 2.19 1.95 -3.35 3.12 0.70 -3.75 -2.24 -1.38 1.69 1.91 1.28 -4.95
1922 4.14 1.68 6.60 -0.40 0.79 -0.22 -2.79 -1.13 -4.63 0.02 1.24 5.16 10.46 -8.36
1923 3.64 1.29 2.71 1.24 4.14 -0.94 2.24 1.10 -2.93 -0.98 3.61 2.79 17.91 3.87
1924 5.63 4.75 0.85 -0.14 1.36 -2.75 -4.64 -4.92 -2.97 -3.53 -1.91 5.93 -2.34 -17.59
1925 3.94 0.07 -1.43 -3.19 -0.45 -2.55 3.06 -2.09 0.95 4.43 3.25 2.79 8.78 0.16
1926 5.56 1.72 14.71 3.47 8.70 -2.97 -3.00 0.41 0.14 0.66 1.85 0.60 31.85 7.41
1927 -0.74 8.06 5.83 10.73 -2.52 1.11 -1.14 2.02 -0.08 -1.59 -0.15 3.45 24.98 8.53
1928 1.48 6.85 2.95 4.88 1.52 6.36 -1.39 -0.57 -1.40 -0.76 3.50 5.27 28.69 8.64
1929 9.55 5.48 3.78 -2.23 2.31 -3.67 4.94 -0.14 11.32 3.03 3.83 2.06 40.26 15.56
1930 6.08 1.41 4.34 -0.67 -1.00 -5.05 -1.09 2.65 2.05 1.58 6.97 1.01 18.28 -1.53
1931 3.84 2.48 3.59 0.80 -2.12 -4.11 0.57 -0.88 -3.81 1.24 0.20 6.78 8.58 -8.31
1932 3.90 0.19 1.00 2.32 10.46 -2.94 -0.99 1.37 0.58 5.49 2.55 3.09 27.02 16.29
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1933 2.24 4.58 3.99 2.82 -3.36 -6.08 0.48 0.44 -3.10 -3.18 1.73 -0.62 -0.06 -11.98
1934 4.92 2.55 4.08 0.99 5.43 -1.43 0.52 4.62 -4.09 -1.59 3.61 0.90 20.51 4.45
1935 1.85 2.60 6.84 4.79 -1.09 -3.22 1.23 -2.04 -3.13 -3.34 0.55 6.53 11.57 -6.80
1936 7.97 4.68 -0.22 3.63 -1.34 -6.31 1.23 0.64 0.88 -0.33 1.73 2.80 15.36 -1.60
1937 1.77 1.11 4.04 4.18 -2.30 2.20 -3.82 1.10 0.68 22.17 0.38 3.18 34.69 24.21
1938 4.46 -0.07 -2.49 -0.31 -1.71 -4.10 0.65 -3.49 -1.02 -2.86 0.50 3.80 -6.64 -12.84
1939 0.89 2.89 -1.27 -0.19 7.76 -0.29 -2.99 -0.82 -3.39 -3.36 2.05 1.42 2.70 -3.28
1940 5.29 7.63 2.94 8.73 -4.18 0.89 5.11 4.08 3.05 -2.57 -0.39 6.77 37.35 15.11
1941 2.79 2.18 1.45 -0.18 -2.60 5.08 0.71 -0.33 -0.57 1.01 0.40 1.57 11.51 3.12
1942 0.78 9.63 5.48 -1.73 1.39 9.34 1.50 4.03 0.41 0.40 0.36 2.71 34.30 15.34
1943 2.08 0.85 6.00 -2.28 -4.45 -2.80 -0.52 -4.37 8.87 -2.58 0.08 4.74 5.62 -8.13
1944 7.82 3.36 3.77 6.57 -0.73 -5.28 -1.95 -1.02 0.80 -2.45 10.51 1.61 23.01 -4.06
1945 4.29 3.84 -0.91 2.55 -2.20 -2.89 4.24 -2.70 0.25 -0.46 0.54 5.15 11.70 -1.21
1946 4.62 2.57 14.04 -0.73 3.87 0.87 2.53 -3.06 4.03 -3.65 1.86 1.31 28.26 3.86
1947 7.14 2.21 7.49 5.45 0.63 0.34 -3.97 -1.56 -2.00 0.27 12.81 7.45 36.26 -0.84
1948 4.65 0.20 18.62 -2.19 -3.70 -1.05 -2.57 3.34 10.32 -1.98 8.25 3.86 37.75 2.17
1949 1.64 3.16 9.98 6.48 -5.01 -1.36 -0.59 -1.33 1.85 -0.88 -1.50 4.01 16.45 -0.84
1950 -0.29 -0.17 3.40 4.09 -1.70 -2.47 1.68 -3.17 -2.61 -2.72 -0.56 6.02 1.50 -6.90
1951 4.10 0.87 6.52 2.58 -3.70 -1.71 -2.28 -3.52 0.60 -3.07 2.64 1.72 4.75 -11.10
1952 1.13 8.77 3.64 0.64 -0.48 -3.66 3.53 -4.03 -2.62 -2.35 0.76 5.56 10.89 -8.97
1953 0.71 5.89 1.68 5.01 -4.74 1.14 3.78 0.54 -3.46 -3.19 10.10 7.89 25.35 -0.92
1954 2.68 0.33 1.09 -3.32 0.51 -1.57 0.61 -3.13 -0.04 0.23 1.55 4.82 3.76 -6.71
1955 5.67 5.07 -2.43 2.74 -1.56 -4.88 5.00 6.95 3.68 -1.91 1.92 1.51 21.76 10.02
1956 1.57 7.75 2.03 0.93 1.17 5.36 1.07 -3.60 4.55 -2.76 0.32 4.89 23.28 6.72
1957 0.05 0.23 8.30 2.79 -3.49 0.48 -2.01 2.19 5.96 -0.96 2.81 2.61 18.96 4.96
1958 5.99 3.40 6.96 -0.39 1.85 -2.46 1.32 -3.08 0.75 -2.25 -0.49 0.59 12.19 -4.26
1959 3.41 9.82 2.69 0.92 7.33 -1.06 11.32 -1.64 -1.41 5.45 -0.17 1.70 38.36 20.91
1960 3.18 5.67 3.52 3.37 -0.39 -3.63 -2.38 -0.29 -1.59 0.13 -1.90 3.45 9.14 -4.78
1961 7.02 6.94 4.94 1.30 3.64 6.01 -1.00 -2.64 -1.13 1.63 4.48 6.35 37.54 7.81
1962 3.65 -0.81 0.36 0.07 -4.00 2.55 -2.50 -4.09 -2.73 0.06 0.89 3.94 -2.61 -10.64
1963 4.94 5.64 -1.47 -2.05 -1.79 -2.16 -0.08 -4.38 2.41 -3.23 6.52 4.99 9.34 -11.28
1964 9.06 4.83 3.91 2.10 -3.27 -0.45 -0.58 -2.62 -0.01 1.15 1.91 2.04 18.07 -3.68
1965 3.67 4.47 0.41 -3.23 -1.34 -3.76 -1.22 0.87 5.40 -1.32 -0.38 6.56 10.13 -4.60
1966 12.35 9.59 0.36 1.68 4.35 -3.52 2.53 -3.32 0.61 0.21 -0.88 4.65 28.66 2.59
1967 3.41 6.02 -0.56 -1.71 -1.04 -4.27 -0.06 1.35 -0.60 1.44 -0.88 9.71 12.81 -4.89
1968 0.00 2.76 2.25 0.67 -0.47 -2.63 -1.88 -1.38 -1.89 -1.54 4.17 5.61 5.67 -9.12
1969 2.31 4.02 6.15 2.80 0.91 -3.85 -0.20 1.64 -3.55 -2.72 0.40 4.47 12.38 -4.97
1970 2.26 1.76 5.68 -3.13 0.08 -1.35 -3.14 3.71 -1.31 2.00 0.05 3.22 9.83 -3.14
1971 0.32 4.09 2.07 -1.39 -3.22 1.70 -2.29 -0.41 11.49 -2.65 1.30 4.79 15.80 3.23
1972 5.63 4.99 4.22 -1.92 1.71 -3.22 -2.58 -1.24 -2.27 1.41 7.38 7.86 21.97 -8.11
1973 2.14 4.62 9.70 8.20 0.43 -0.59 -1.26 -3.13 5.51 1.25 1.90 7.52 36.29 10.41
1974 6.57 4.49 3.86 2.28 4.53 -1.79 -0.82 0.54 2.64 -0.39 4.55 4.10 30.56 6.99
1975 1.87 2.34 3.47 3.77 3.07 5.96 1.87 3.95 -0.36 0.77 9.75 3.28 39.74 19.03
1976 2.07 2.81 0.61 -2.96 1.33 -2.61 -0.81 -4.81 -3.37 3.02 5.00 8.28 8.56 -10.21
1977 5.35 1.97 1.49 3.14 -2.72 -4.93 -4.29 9.62 7.92 1.68 6.90 3.36 29.49 10.42
1978 13.36 2.26 1.13 -0.12 4.06 1.50 3.50 7.84 -2.58 -2.94 2.27 3.36 33.64 11.26
1979 5.28 11.71 1.46 1.34 -0.58 -6.09 4.23 -2.27 -1.01 -1.74 3.20 2.28 17.81 -6.12
19C0 5.29 2.57 8.23 13.53 3.99 -3.33 -2.72 -5.50 0.13 2.93 2.52 0.75 28.39 9.03
1981 0.40 7.56 0.85 -1.28 0.39 1.45 -5.64 4.26 -0.16 -1.20 -1.04 4.71 10.30 -2.18
1982 1.95 7.10 0.09 2.30 -4.12 -1.24 6.23 -4.58 0.46 0.61 3.85 8.94 21.59 -0.34
1983 2.77 11.81 3.34 12.59 -0.89 5.02 -3.89 -0.21 1.39 1.94 4.99 8.62 47.48 15.95
1984 3.73 4.43 3.27 -1.30 -1.16 1.58 -2.28 3.57 -0.87 -1.02 0.98 0.78 11.71 -1.48
1985 4.54 8.56 4.56 -1.23 -3.79 -1.60 0.38 -0.13 0.92 9.54 -1.49 4.15 24.41 4.09
1986 2.83 1.59 0.09 -1.46 -3.83 2.27 -3.60 0.22 -4.33 -0.41 5.60 4.25 3.22 -11.14
1987 8.31 6.32 2.63
Avg. 3.78 3.67 3.25 1.83 -0.25 -0.73 -0.17 -0.55 0.19 0.06 2.20 3.94
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Hall et al. 1946; McDermott 
1954; Hall and Smith 1955;
H osner1957; 1960, 1962;
Williston 1959; Hosner and 
Boyce 1962; Hosner and 
Leaf 1962; White 1973;
Bell and Johnson 1974;
Pereira and Kozlowski 
1977; Teskey and Hinckley 
1977b, 1977c, 1978a, 1978b,
1978c; Whitlow and Harris 
1979; McKnight et al. 1981
Hall et al. 1946; Hosner 1962;
Broadfoot 1967; Bedinger 
1971; Teskey and Hinckley 
1977b; Whitlow and Harris 
1979; McKnight et al. 1981;
Hook 1984
Green 1947; Yeager 1949;
Hall and Smith 1955; Hosner 
1959,1960; Hosner and Boyce 
1962; Broadfoot 1967; Bedinger 
1971; Teskey and Hinckley 1977b,
1978a, 1978c; Whitlow and 
Harris 1979; McKnight et al. 1981;
Hook 1984
Hall et al. 1946; Harris et al. 1975;
Teskey and Hinckley 1977b, 1977c, 
1978c; Whitlow and Harris 1979; 
McKnight et al. 1981; Hook 1984
Yeager 1949; Hall and Smith 1955; 
Hosner 1962; Bedinger 1971;
Teskey and Hinckley 1977b, 1977c, 
1978a; Whitlow and Harris 1979; 
McKnight et al. 1981; Hook 1984
Hall et al. 1946; Yeager 1949;
Hall and Smith 1955; Hosner 1962; 
Teskey and Hinckley 1977a, 1977b, 
1977c, 1978a, 1978b; Walters et al.
1980; Whitlow and Harris 1979; McKnight 
et al. 1981; Hook 1984; Loucks 1987
Hall et al. 1946; Green 1947;
Yeager 1949; Teskey and Hinckley 
1977b; Whitlow and Harris 1979; 
McKnight et al. 1981; Hook 1984





















Hall et al. 1946; Green 1947; Hall 
and Smith 1955; Hosner 1958, 1959, 
1960,1962; Hosner and Boyce 
1962; Hosner and Leaf 1962;
Dickson et al. 1965; Broadfoot 1967; 
Broadfoot and Williston 1973;
Hook and Brown 1973; Bell and 
Johnson 1974; Kennedy and 
Krinard 1974; Harris et al. 1975;
Pereira and Kozlowski 1977;
Teskey and Hinckley 1977b,
1977c, 1978b, 1978c; Whitlow 
and Harris 1979; Sena Gomes and 
Kozlowski 1980;Walters et al. 1980; 
McKnight et al. 1981; Hook 1984; 
Loucks 1987
Hosner 1962; Hosner and Leaf 
1962; Teskey and Hinckley 1977b; 
Harms et al. 1980; McKnight et al.
1981; Hook 1984
Yeager 1949; H osner1962;
Bedinger 1971; Whitlow and 
Harris 1979; McKnight et al. 1981; 
Chapman eta l. 1982;
Hook 1984
Hosner 1962; Teskey and 
Hinckley 1977b; Whitlow and Harris 
1979; McKnight et al. 1981; Hook 
1984; Loucks 1987
Hall et al. 1946; Hall and Smith 1955; 
H osner1958, 1960, 1962; Hosner 
and Boyce 1962; Hosner and 
Leaf 1962; Broadfoot 1967;
Bedinger 1971; Broadfoot and 
Williston 1973; Hook and Brown 
1973; Kennedy and Krinard 1974; 
Noble and Murphy 1975; Teskey 
and Hinckley 1977b, 1977c, 1978a; 
Whitlow and Harris 1979; Walters et al. 
1980; McKnight et al. 1981; Hook 1984
Shunk 1939; Hall et al. 1946;
Hall and Smith 1955; Briscoe 1957; 
Hosner 1962; Hosner and Leaf 
1962; Dickson et al. 1965; Hook 
et al. 1970, 1971; Kennedy 1970; 
Harms 1973; Hook and Brown 1973; 
Teskey and Hinckley 1977b;
Keely 1979; Whitlow and Harris



























1979; McKnight et al. 1981; Hook 
1984
Green 1947; Yeager 1949;
Haii and Smith 1955; Hosner 1957, 
1958,1962; Pereira and Kozlowski 
1977; Teskey and Hinckley 1977b; 
Whitlow and Harris 1979; McKnight 
et al. 1981; Hook 1984
Hosner 1962; McKnight et al. 1981; 
Hook 1984
Hall et al. 1946; Hall and Smith 
1955; Hosner 1962; Broadfoot 
1967; Teskey and Hinckley 1977b; 
Whitlow and Harris 1979; McKnight 
et al. 1981; Hook 1984; Loucks 1987
Hall et al. 1946; Hall and Smith 1955; 
Hosner 1962; Bedinger 1971; 
Broadfoot and Williston 1973;
Teskey and Hinckley 1977b;
Whitlow and Harris 1979
Green 1947; Yeager 1949;
Hosner 1959, 1960,1962; Briscoe 
1961; Hosner and Boyce 1962; 
Dickson et al. 1965; Morris 1965; 
Bedinger 1971; Bell and Johnson 
1974; Kennedy and Krinard 1974; 
Teskey and Hinckley 1977b;
Whitlow and Harris 1979; Hook 1984
Woods 1965; McKnight et al. 1981; 
Hook 1984
Hall et al. 1946; Green 1947;
Yeager 1949; Hall and Smith 
1955; Hosner 1957, 1958 
1962; Hosner and Leaf 1962;
Bell and Johnson 1974;
Pereira and Kozlowski 1977;
Teskey and Hinckley 1977a,
1977b, 1978a, 1978b, 1978c; 
Whitlow and Harris 1979; Walters et 
al. 1980; McKnight et al. 1981; Hook 
1984; Loucks 1987
Mattoon 1915; Demaree 1932;
Hall et al. 1946; Applequist 1959; 
Hosner 1962; Langdon 1965; 
Bedinger 1971; Loucks and Keen
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1973; Montz and Cherubini 1973; 
Harris et al. 1975; Teskey and 
Hinckley 1977b; Whitlow and 
Harris 1979; Harms et al. 1980; 
McKnight et al. 1981; Walters et al. 
1980; Hook 1984; Loucks 1987
Ulmys americana Moderately tolerant Hall et al. 1946; Yeager 1949;
American elm McDermott 1954; Hosner 1959; 
1960; Hosner and Boyce 1962; 
Hosner and Leaf 1962; Yelenosky 
1964; Bedinger 1971; Broadfoot 
and Williston 1973; Bell and 
Johnson 1974; Noble and Murphy 
1975; Teskey and Hinckley 1977b, 
1977c, 1978a, 1978b, 1978c; 
Whitlow and Harris 1979; McKnight 
et al. 1981; Newsome et al. 1982; 
Hook 1984
‘ Most tolerant-those species that are capable of living from seedling to maturity in soils that are 
waterlogged almost continually except for short durations during droughts.
Highly tolerant-those species capable of living from seedling to maturity in soils that are waterlogged 
for 50-75%  of the year.
Moderately tolerant-those species capable of living from seedling to maturity in soils waterlogged 
about 50%  of the year.
W eakly tolerant-those species capable of living from seedling to maturity in soils that are temporarily 
waterlogged for 1-4 weeks of the year or about 10% of the growing season.
Least tolerant-those species capable of living from seedling to maturity in soils that are occasionally 
waterlogged for only a few days, usually <2%  of the growing season.
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